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I.—A List or Spmers Caprurep IN THE SeycHELLES Istanps, by 

Proressor EK. Percevat Wricut, M. D., F.L.8.; wire Descrip- 

TIC OF SPECIES SUPPOSED TO BE NEW To ARACHNOLOGISTS, by 

J LACKWALL, F.L.8. Notes and Preface, by the Rev. O. P. 
amen, M.A., C.M.Z.8., &. Plates 1 & 2. 


[Read, November 13, 1876. ] 


[ Tux following descriptions of Seychelles Spiders were prepared by 
my old friend Mr. Blackwall, rather more than six years ago. Their 
publication has been unavoidably delayed, and a request has been made 
, to me by Dr. E. Perceval Wright (with Mr. Blackwall’s kind assent) to 
revise them, and to add such annotations as the progress of Araneology 
in the past six years might seem to require. In doing this, I have 
had an advantage not possessed by Mr. Blackwall ; and that is, typical 
examples of many closely allied species for comparison with the types 
(kindly sent to me by Dr. Wright) from which Mr. Blackwall’s descrip- 
tions were made. 

Although not in accordance with the systematic arrangements now 
generally followed, I have, of course, not altered that which Mr. 
Blackwall has adopted in the present list, and which he himself esta- 
blished, many years ago, on strong grounds of, at least practical, conve- 
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nicnce. In order, also, not to alter nor mutilate his wonderfully 
lucid and minute descriptions, I have included such observations as 
seemed requisite, in a different type, and within brackets, chiefly at 
the end of the several descriptions of those species to which the obser- 
vations apply. 

: O. P. Camprmer. 


BroxwortH, Dorset, 
September 19th, 1876. | 


Tribe OCTONOCULINA. 
Family SALTICIDA. 
Genus Saxticus, Latr. 


Satticus Wricutit, n. sp. [ Attus, Sim.]. Plate 1, fig. 1. 


Length of the female (not including the spinners) 5%>ths of an inch ; 
length of the cephalothorax, 3%; ; breadth, 75; breadth of the abdo- 
men, +47; length of an anterior leg, 335; length of a leg of the third 
pair, +. 

The minute intermediate eye of each lateral row is nearer to the 
anterior than to the posterior eye of the same row. The cephalotho- 
rax is large, glossy, and somewhat quadrilateral; it slopes abruptly 

at the base, has a broad indentation im the medial line, and is of a dark — 
reddish-brown colour, with a broad, curved, brownish-red, transverse 
band near the middle, whose convexity is directed backwards, and a 
transverse bar of the same hue between the anterior and posterior eyes. 
The falces are powerful, conical, slightly prominent, divergent at the 
extremity, and armed with a few teeth on the inner surface. The 
maxille are strong, straight, and enlarged at the extremity, which is 
obliquely rounded on the inner side; and the lip is oblong, and rounded 
at the apex. These parts are of a reddish-brown colour, the extremity 
of the maxille and the apex of the lip having a yellowish-white hue. 
‘The sternum is oval, with slight prominences on the sides, opposite to 
the legs; the posterior is broader than the anterior extremity, and its 
colour is yellowish-white. The legs are robust, especially those of the 
anterior pair; they are provided with hairs, and the first and second 
pairs have two parallel rows of spines on the inferior surface of the 
tibize and metatarsi; the anterior legs are of a reddish-brown colour, 
with the exception of the tarsi, which have a brownish-yellow hue; 
the colour of the first, second, and third pairs is brownish-yellow, that 
of the sides of the femora being brown; the first pair is the longest, 
then the second, and the third pair is the shortest ; each tarsus is ter- 
minated by two curved, minutely pectinated claws, below which there 
isa small scopula. The palpi are slender, of a brownish-yellow hue, 
and the digital joint is suppled with long hairs. The abdomen is 
long, subeylindrical, and tapers to the spinners, which are prominent, 
the superior pair being the longest; a broad yellowish-white band, 
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whose lateral margins are slightly sinuous, extends along the middle 
> of the upper part; the anterior part, contiguous to the cephalotho- 
rax, and the sides, are of a dark-brown colour ; a yellowish-white line 
passes along the latter, from the posterior half of which two streaks of 
the same hue are directed obliquely backwards and downwards; the 
under part is of a yellowish-white colour, with a short, transverse, 
brown bar near the spinners, which have a dark-brown hue, their 
bases and extremities being yellowish-white: the sexual organs are 
moderately developed, and of a brownish-red colour. 

I have bestowed on this prettily marked Salticus the name of Pro- 
fessor E. Perceval Wright, who, on various occasions, has transmitted 
to me highly interesting collections of foreign spiders, and has most 
liberally permitted me to describe such species as were supposed to be 
unknown to arachnologists. 


Saxricus acurvs, n. sp. [Attus, Sim.]. Plate 1, fig. 2. 


Length of the female (not including the spinners) =°;ths of an 
inch; length of the cephalothorax, ;4;; breadth, 45; breadth of the 
abdomen, 7's; length of a leg of the third pair, 3%;; length of a leg of 
the second pair, ¢. 

The cephalothorax is convex, glossy, somewhat quadrilateral, 
sloping gradually towards the front, and abruptly at the base; it has 
a slight depression between the posterior pair of eyes, is sparingly sup- 
plied with whitish hairs, and is of a yellowish-red colour; the cephalic 
region is strongly tinged with brown, especially about the lateral eyes. 
A brown spot occurs on each side of the posterior slope, and the frontal — 
margin is provided with long yellowish-white hairs. The minute in- 
termediate eye of each lateral row is nearly equidistant from the eyes 
constituting its extremities. The falces are short, subconical, vertical, 
and armed with a few teeth on the inner surface; the maxille are 
straight, and enlarged and rounded at the extremity; the lip and 
sternum are oval, the latter being broader at the posterior than at the 
anterior extremity. The legs are robust, especially those of the an- 
terior pair, and are provided with hairs and spines, two parallel rows 
of the latter occurring on the inferior surface of the tibize and meta- 
tarsi of the first and second pairs; the third pair is the longest, then 
the fourth, and the first pair slightly surpasses the second; each tar- 
sus is terminated by two curved, minutely pectinated claws, below 
which there is a small scopula; the palpi are short, and the radial 
and digital joimts are well suppled with pale hairs. These parts are 
of a brownish-yellow hue, the falces being the darkest. The abdomen 
is oviform, convex above, and tapers to the spinners, which are pro- 
minent; it is clothed with pale hairs, and is of a yellowish-white 
colour, the under part being the palest; an irregular brown band 
extends along each side of the upper part, and the space between these 
bands comprises a series of rather obscure angular and curved lines of 
the same hue; a narrow band, consisting of short brown streaks and 
spots, curves round the anterior extremity, and passes oblique}y down- 
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wards; the sides are marked with oblique lines composed of short 
brown streaks, and there is a triangular spot of a similar colour 
directly above the coccyx; a minute brown spot is situated immedi- 
ately before the spinners on the under part, and the sexual organs, 
which are well developed, are of a dull reddish-brown colour. 

The male bears a general resemblance to the female, but differs 
from her in various particulars. Its cephalothorax, which is darker 
coloured, has a patch of hairs before the medial depression, a smaller 
one behind each large anterior eye, and a broad band curved from its 
anterior margin across the middle of the posterior slope; these 
patches and the band have a white hue, and there are a few long black 
bristles situated below the small intermediate eye of each lateral row. 
The large anterior eyes are of a bright green hue, and are encircled 
by short white hairs. The falces have some white hairs at their base, 
and with the base of the maxille and lip are of a brown-red colour. 
The extremity of the femora, the genua, and the tibie of the first and 
second pairs of legs are of a red-brown colour, the inferior surface 
being the darkest; and the third and fourth pairs are marked with 
annuli of the same hue. The radial joint of the palpi is smaller than 
the cubital, and has a pointed adophysis directed forwards from the 
outer side of its extremity. The digital joint is oval, hairy, convex 
above, and comprises in its concavity the palpal organs, which are 
moderately developed, not very complex in structure, with a pointed 
spine curved round their extremity from the inner to the outer side, 
and are of a reddish-brown colour. The abdomen is slender, and the 
irregular brown band that extends along each side of the upper part in 
the female is usually more or less broken into spots in the male, and 
the superior spinners have a brown streak on their upper surface. 


Satricus activus, n. sp. [ Heliophanus, C. L. Koch]. Plate 1, fig. 3. 

Length of the female (not including the spinners), jth of an inch; 
length of the cephalothorax, 317; breadth, 3's; breadth of the abdo- 
men, 7s; length of a posterior leg of the second pair, 515. 

The minute intermediate eye of each lateral row is nearly equi- 
distant from the eyes constituting its extremities. The cephalothorax 
is convex, glossy, somewhat quadrilateral, with a slight indentation 
in the middle, and is provided with short whitish hairs ; it slopes 
gradually towards the front, abruptly at the base, and its predomi- 
nant colour is red-brown ; the cephalic region has a dark-brown hue, 
and a line of white hairs extends along each side above the lateral 
margin. The falces are short, subconical, vertical, and armed with 
one or two small teeth at the extremity; the maxille are straight, 
and enlarged and rounded at the extremity ; and the lip is oval. 
These organs are of a red-brown colour, the falces being the darkest, 
and the extremities of the maxillze and lip the palest; the sternum is 
oval and rather broader at the posterior than at the anterior extremity. 
The legs are moderately strong, provided with hairs and spines, two 
parallel rows of the latter occurring on the inferior surface of the tibic 
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and metatarsi of the first and second pairs; the fourth pair is the 
longest, then the third, and the second pair is rather shorter than the 
first; each tarsus is terminated by two small, curved, minutely pecti- 
mated elaws, below which there is a small scopula. These parts have 
-a brownish-yellow hue, the legs being tinged with brown at the arti- 
culation of the joints. The palpi are short, lighter coloured than the 
legs, and. the radial and digital joints are well supplied with pale 
hairs. The abdomen is oviform, convex above, somewhat pointed at 
the spinners, which are prominent, and is clothed with pale hairs ; 
the upper part and sides arc of a brown colour, the former being 
spotted with yellowish-white. A yellowish-white band, which curves 
round the anterior extremity, and extends along the sides, projects 
two streaks of the same hue from its inner margin, on each side, the 
two posterior ones nearly forming a transverse band about a third of 
its length from the spinners; the under part is of a yellowish-white 
colour, with a transverse brown bar before the spinners; and the sexual 
organs, which are minute, have a dark reddish-brown hue. 

The male is smaller and much darker coloured than the female. 
The palpi have a dark-brown hue, and the humeral joint has a pointed 
process near its base, on the under side, which is curved downwards ; 
the digital jomt has an oblong oval form; it is convex above, 
dlensely clothed with whitish hairs, compact at the extremity, with a 
concavity at the base that comprises the palpal organs, which are 
neither highly developed nor complex in structure, and are of a dark- 
brown colour. 


[I feel no doubt but that this spider is the Attus lugubris of 
Vinson (Aranéides des Iles de la Réunion, &c., p. 50, Pl. x., fig. 7), and 
this latter species is certainly identical with the Attus variabilis of 
the same author. The examples from which Mr. Blackwall’s deserip- 
tions were made have lost colour and lustre considerably, but the abdo- 
minal pattern is quite distinct in both sexes. The humeral joint of the 
male palpus (as noticed by Mr. Blackwall) is armed with the pointed 
protuberance characteristic of the genus Heliophanus. | 


SALTICUS CONSTRIcTUS, n. sp. [Salticus, Sim.]. Plate 1, fig 4. 

Length of an immature female, 1th of an inch; length of the 
cephalothorax, 31+; breadth, = ; breadth of the abdomen, 31; ; length 
of a posterior leg, +; length of a leg of the second pair, ;*s. 

The cephalothorax is long, broad and quadrate in the cephalic 
region, immediately behind which it is constricted, and then tapers to 
its base; it is glossy, sparingly supplied with hairs, projects a little 
beyond the base of the falces, and is of a brownish-yellow colour tinged 
with red, particularly on the posterior half. The eyes are seated on 
black spots, and the minute intermediate one of each lateral row is 
nearly equidistant from the eyes constituting its extremities. The 
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falces are short, subconical, shghtly prominent, and are armed with a 
few minute teeth on the inner surface; the maxille are straight, and 
enlarged and rounded at the extremity; the lip is longer than broad 
and rounded at the apex; the sternum is long and narrow, and has 
slight eminences on its sides, opposite to the legs. The legs are slender, 
provided with hairs, and have two curved claws at the extremity of 
each tarsus, below which there is a small scopula; the fourth pair is 
the longest, then the third, and the second pair is the shortest; the 
palpi are short, and the digital joint is somewhat enlarged at its extre- 
mity. These parts are of a yellowish-white hue, the falces and lip 
haying a slight tinge of red, and the genua and tibie of the first pair 
of legs have a pale-brown line extending along their anterior suriace. 
The abdomen is oviform, glossy, thinly ‘clothed with pale hairs, and 
is connected with the Rage of the cephalothorax by a long slender 
pedicle ; it is strongly constricted about one-third of its length from 
the anterior extremity, and is of a pale yellowish-brown colour, a 
transverse band before and after the constriction, and the branchial 
opercula having a brown hue. 


Family LYSSOMANID 2. 

The spiders of this family are most nearly allied to those of the 
family Salticidee, but they differ from them decidedly in the form of 
the cephalothorax, the disposition of the eyes, the figure of the max- 
ille, of the ip, and sternum, and also in the structure of the spinners, 
the superior pair having the spmning-tubes arranged on the inferior 
surface of the pointed terminal joint. These marked differences in 
their external organization, indicating a corresponding modification of 
habits and economy, have induced me to propose for their reception a 
family distinct from that of the Salticide. 


Genus Lyssomanes, J/ents. 

[ Although the genus Lyssomanes (Hentz) is an exceedingly distinct 
and remarkable one, there appears to be nothing to warrant its separa- 
tion from the Salticides, with which its general form and characters 
show it to be unmistakably allied. The example from which Mr. 
Blackwall’s description is made had apparently not long cast its skin, 
so that its colourless condition is probably not that which belongs to 
the adult form. | 

LyssoMANEs PALLENS, n. sp. Plate 1, fig. 5 

Length of an immature male (not including the spinners), } of an 
inch; length of the cephalothorax, ~;; breadth, >; breadth ‘of the 


16) 
abdomen, 3'5; length of a posterior leg, +; length of an anterior 
leg, ste 
The colour of this spider is white tinged with yellow, particularly 
on the sides and base of the cephalothorax. The eyes are disposed on 
the anterior part of the cephalothorax ; two, which are situated in 
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front, are much the largest, and are prominent, pellucid, and almost 
in contact ; on each side of the upper part of the cephalic region three 
eyes are placed, in the form of an irregular triangle, on small tuber- 
cles seated on confluent black spots, the intermediate eye, constitut- 
ing the vertex of an obtuse angle, being the smallest of the eight. 
The cephalothorax is somewhat quadrate, convex, glossy, slightly 
rounded on the sides and at the base, and moderately elevated in the 
cephalic region. The falces are small, subconical, and inclined to- 
wards the sternum, which is broad, convex, and heart-shaped; the 
maxille are short, rounded at the extremity, and inclined towards 
the lip, which is somewhat quadrate, being broader at the base than 
ut the apex. The legs are slender, and provided with hairs and long 
spines, two parallel rows of the latter extending along the inferior 
surface of the tibiee and metatarsi of the first and second pairs ; each 
tarsus is terminated by two minute, curved claws, below which there 
is a small black scopula. The abdomen is long, subcylindrical, and 
has a few'short, pale hairs distributed over its surface. The superior 
spinners are the longest, and their terminal joint, which is pointed, 
has the spinning-tubes arranged on its inferior surface. The palpi of 
the specimen from which the description was made were very timid, 
but the palpal organs were not developed, indicating that it probably 
had to undergo its final change of mtegument before it arrived at 
maturity ; the radial was stronger than the cubital joint, and promi- 
nent in front. 


Family THOMISID 2. 


Genus Tuomisus, Walch. 


THOMISUS INSULARIS, Nn. sp. [| Xysticus, Koch]. Plate 1, fig. 6. 


Length of the female, 35ths of an inch; length of the cephalo- 
thorax, 31g; breadth, +45; breadth of the abdomen, 34;; length of an an- 
terior leg, 3%; length of a leg of the third pair, +5. 

The eyes are disposed on the anterior part of the cephalothorax in 
two transverse curved rows, forming a crescent whose convexity 1s 
directed forwards; the eyes of each lateral pair are larger than the 
intermediate ones, and are seated on tubercles united at their bases, 
the anterior ones being the largest, and the intermediate eyes of the 
posterior row the smallest of the eight. The cephalothorax is convex, 
glossy, somewhat compressed before, truncated in front, rounded on 
the sides, abruptly depressed at the base, and has a few fine bristles 
directed forward from its anterior margin; its colour is red-brown, 
mottled with pale red and yellowish-brown; it is darkest on each side 
ot the posterior slope, and the lateral margins are black; a broad band, 
which extends from the eyes along the middle to its base, is of a 
yellowish-white colour in the cephalic region, and is strongly tinged 
with red on the posterior slope, at the commencement of which it is 
somewhat contracted; the anterior part of the band comprises two 
oblong red-brown spots whose pointed anterior extremitics extend to 
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the posterior intermediate eyes, between which there are two short 
confluent streaks of the same hue. The falces are short, cuneiform, 
vertical, and of a red-brown colour, being palest at the base, in front, 
where there is an irregular yellowish-white spot. The maxille are 
obliquely truncated at the extremity, on the outer side, and inclined 
towards the lip, which is triangular, but rounded at the apex. These 
parts are of a red-brown colour, their extremities having a yellowish- 
brown tint. The sternum is heart-shaped, glossy, and of a pale-yellow 
hue. The legs are provided with hairs and spines, two parallel rows 
of the latter occurring on the inferior surface of the tibiz and meta- 
tarsi of the first and second pairs, and a few conspicuous ones on the 
anterior side of the former; they are of a pale red-brown hue, with 
yellowish-white annuli more or less perfectly formed, those on the 
base of the third and fourth pairs being much the broadest; the first 
and second pairs, which are longer and more robust than the third and 
fourth pairs, are equal in length, and the third pair is the shortest ; 
each tarsus is terminated by two curved, minutely pectinated claws. 
The palpi, which are short and slender, resemble the legs in colour, 
and have a small curved claw at their extremity. The abdomen is 
ovitorm, moderately convex above, projecting a little over the base of 
the cephalothorax, and has a few short hairs distributed over its 
surface; it is of a whitish hue, with a large dark-brown band, freckled 
with minute white spots, extending along the middle of the upper 
part to the coccyx; this band is irregular in outline and broadest about 
the middle; it then tapers to its extremity, which has a tinge of red, 
and projects short parallel streaks from each side ; a white line, which 
passes from the anterior part of the band along the middle, is crossed 
near its extremity by two short curved lines of the same hue, and is 
followed by two white spots, the anterior one being the larger; the 
band also comprises five depressed dark-brown spots; the three 
anterior ones describe an angle whose vertex is directed forwards, and 
the other two are parallel to its base; the sides are marked with dark- 
brown confluent spots that form oblique rows; a pale-brown band, 
which tapers to its extremity, extends from the yellow branchial oper- 
cula along the middle of the under part to the spinners, the superior 
and inferior pairs of which organs are spotted with black at the 
base; the sexual organs are well developed, and have a pale red- 
brown hue. 


Genus Ottos, Walck. 


Oxios vALipus, n. sp. [Isopeda, L. Koch]. Plate 1, fig. 7. 

Length of the female, 133; inch; length of the cephalothorax, 47; 
breadth, 3°; ; breadth of the abdomen, 33 ; length of a leg of the second 
pair, 23%; length of a leg of the third pair, 15%. 

The eyes are disposed on the anterior part of the cephalothorax in 
two transverse nearly parallel rows, the anterior row, which is the 
shorter, being situated immediately above the frontal margin; the 
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four intermediate eyes form a square, and those of each lateral pair 
are placed obliquely and wide apart on a tubercle ; the anterior lateral 
eyes are the largest, and the posterior intermediate ones the smallest 
of the eight. “The cephalothorax is large, convex, glossy, slightly 
compressed before, truncated in front, nomad on the sides, and has 
an indentation in the medial line of the posterior region ; it is clothed 
with short dull-yellowish hairs, and has a red-brown hue, the anterior 
part being the darkest. The falces are powerful, conical, slightly 
prominent, somewhat divergent at the extremity, armed with teeth on 
the inner surface, and have some long yellowish hairs in front; the 
maxille are strong, rounded at the extremity, and curved towards the 
lip, which is somewhat quadrate, being broader at the base than at 
the apex. These parts are of a brownish-black colour, the extremity of 
the maxille and the apex of the lip having a tinge of red; the latter 
and the extremity of the falces on the inner side are densely fringed 
with long bright-red hairs; the sternum is heart-shaped, and of a 
red-brown colour. The legs are long, robust, provided with hairs and 
strong sessile spines, and are of a red-brown colour; the second pair is 
the longest, then the first, and the third pair is the shortest; each 
tarsus is terminated by two curved, pectinated claws, and the anterior 
part of the tibie and the metatarsi and tarsi are suppled with dark- 
brown scopulee on the inferior surface. The palpi resemble the legs 
in colour; the digital joint, which is the darkest, is supplied with 
numerous short hairs, and has a small, curved, pectinated claw at its 
extremity. The abdomen is oviform, pointed at the spinners, convex 
above, and projects over the base of the cephalothorax ; the upper part 
is clothed with short hairs, some long ones of a yellowish hue being 
interspersed; it is of a brown colour, and has a short, transverse, 
yellow bar at its anterior extremity ; the under part is black ; a broad 
transverse, orange-coloured band, comprising the branchial ‘opercula 
and sexual organs, occurs at its arihenion extremity, and from each of 
the branchial stigmata a fine yellowish-white line passes nearly to the 
spinners. ‘The sexual organs are moderately developed, somewhat 
oval in form, and of a red-brown colour. 

The male is smaller than the female, and its legs are much more 
slender; it is rather lighter coloured also, and the extr emity of its ab- 
domen, on the under side, has also an orange hue. The radial, which 
is a little longer than the cubital joint of the palpi, has a long spine 
directed forwards from each side of its base, and projects a strong and 
somewhat pointed black apophysis from its extremity, on the outer 
side; the digtial joint has an oblong-oval form, and brown colour ; it 
is convex and hairy externally, concave within, comprising the palpal 
organs, which are well developed, complex in structure, with a strong 
process curved round the base to the inner side, and their colour is an 
intermixture of very dark and light red-brown. 


[The genus Olios, Walck. (Sarotes, Sund.) being found incapable of 
including a large number of gigantic Thomiside of this group, discovered 
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lately (especially in Australia), these spiders have been subdivided into: 
several more or less well-marked genera by Dr. T. Thorell, and Dr. L. 
Koch; to one of these genera, Isopeda (L. Koch), the fine spider 
above described appears to belong. The genus Sarotes, Sund., now 
comprises a restricted group, of which the type is the widely dispersed 
and common species S. regius, Fabr. = Olivos leucosius, Walck. |. 


Genus Sparassus, Walch. 
Sparassts eurratvs, n. sp. [ Leiocranum, L. Koch]. Plate 1, fig. 8 


Length of an immature female, ¢th of an inch ; length of the ceph- 
alothorax, ~;; breadth, 345; breadth of the abdomen, 3 se; length of an 
anterior leg, 4; length of a leg of the third pair, 4 

The eyes, which are seated on black spots, are disposed on the 
anterior part of the cephalothorax in two shghtly curved, nearly parallel 
rows, the posterior row being rather the longer ; the four intermediate 
eyes form a square; the two anterior ones are the lar gest and darkest 
coloured of the eight, and the two posterior ones are the smallest. The 
cephalothorax is convex, glossy, compressed before, rounded in front 
and on the sides, depressed at the anterior part, abruptly so at the 
base, and has an indentation in the medial line of the posterior region; 
it is of a brownish-yellow colour, with narrow, dark-brown lateral 
margins; a short line is directed backwards from each eye of the 
posterior row, and a fine one passes obliquely backwards from the 
extremity cf each exterior line till it comes in contact with a medial 
line whose anterior extremity is the finer, and the sides are marked 
with spots and short streaks; these lines, streaks and spots are of 
brown colour. The falces are conical, vertical, and armed with a few 
small teeth at their extremity ; the maxillee are short, rounded at the 
extremity, and slightly inclined towards the lip, which is broader than 
long and somewhat quadrate ; and the sternum is broad, convex and 
heart-shaped. These parts are of a yellowish-white colour, and the 
falces, which are rather the darkest, haye an oblong brown spot at 
their base, in front. The legs are slender, and do not differ greatly 
in length; they are provided with hairs and long sessile spines, two 
parallel rows of the latter extending along the inferior surface of the 
tibiee and metatarsi of the first and sécond pairs, and are of a dull- 
yellowish colour, tinged with brown, the metatarsi of the posterior 
legs having a dark-brown annulus at their base and extremity; the 
first pair is rather the longest, the fourth pair slightly surpasses the 
second, and the third pair is the shortest; each tarsus is terminated 
by two curved, minutely pectinated claws, below which there is a 
small scopula. The palpi resemble the legs in colour, and have ¢ 
slender, curved, slightly pectinated claw at their extremity. The 
abdomen is oviform, pointed at the spmners, moderately convex above, 
and projects a httle over the base of the cephalothorax ; it is of a 
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yellowish-white colour, the under part being the palest ; the sides are 
freckled with small brown spots, and there is a series of spots of a 
similar hue, having an angular form and somewhat larger size, that 
extends along the middle of the upper part, but is not continued to its 
extremities; two large black spots occur on each side of the under 
part; the anterior ones comprise the branchial opercula, and the 
posterior ones, which are the largest, are pointed at their posterior 
extremity. 

I have felt some difficulty in assigning a place to this spider in the 
family Thomiside, to which its immature state has in some measure 
contributed. In several particulars, and especially in the figure of its 
lip, it resembles certain species belonging to the genus Olios, but 1 
have been induced by its predominant characteristics to include it, 
provisionally, in the genus Sparassus. 


[ Whatever this spider may be, it is certainly not a Sparassus, and, 
in spite of a very laterigrade appearance, it probably belongs to the 
Drassides rather than to the Thomisides. IJ have a very nearly allied, 
though distinct (and as yet undescribed), species of the genus to which 
it belongs, from Ceylon. Dr. Ludwig Koch, to whom [ forwarded 
examples of the Ceylon species, says they are certainly of the family 
Drassides, and, in his opinion, of the genus Leiocranum, L. Koch. 

It will probably be necessary to found a new genus upon these spiders, 
differing, as they do materially, from the typical Leiocranum, into which 
genus I cannot at all fit them. Im giving the above opinion I am 
supported by the difficulty felt by Mr. Blackwall in regard to assigning 
this spider a place in the family Thomisides, and by his placing it, 
provisionally only, in the genus Sparassus—(see the remarks at the end 
of his description). ] 


Family DRASSIDZ. 
Genus Crusiona, Latr. 


CLUBIONA NIGROMACULOSA, n. sp. Plate 2, fig. 9. 


Length of an immature female, 3%;ths of an inch; length of the 
cephalothorax, +4; ; breadth, 4; breadth of the abdomen, ;';; length 
of a posterior leg, =3;; length of a leg of the third pair, +. 

The abdomen is oviform, pointed at the spinners, which are promi- 
nent, thinly clothed with white hairs, moderately convex above, pro- 
jecting over the base of the cephalothorax, and is of a pale-yellowish 
colour; a series of six small black spots, disposed in pairs and almost 
contiguous, extends from the anterior extremity of the upper part 
along the middle nearly half of its length, and is followed by a series 
of eight very minute spots of the same hue, also disposed in pairs, but 


12 Proceedings of the Royal Irish Academy. 


separated by distinct intervals; these series are comprised between 
two rows of black spots, which converge towards the spinners, two ot 
them, on each side, being confluent with those of ultimate and penul- 
timate pairs of the intermediate series of minute spots; a few very 
minute black spots also occur on the posterior half of each side. The 
eyes are seated on black spots, and form two transverse rows on the 
anterior part of the cephalothorax ; the anterior row, which is the 
shorter and straight, is situated immediately above the frontal margin ; 
the posterior row is slightly curved, having its convexity directed up- 
wards, and the interval between the intermediate eyes 1s greater than 
that which separated them from the lateral eyes of the same row ; the 
four intermediate eyes describe a trapezoid, the two anterior ones, which 
form its shortest side, being rather the largest of the eight. The ceph- 
alothorax is oval, rounded in front and on the sides, convex, glossy. 
with a very slight narrow indentation in the medial line of the poste- 
rior part; it is of a dull-yellow colour, with a fine, irregular, brown 
line on each side of the cephalic region. The falees are conical, rather 
prominent, and armed with a few small teeth on the inner surface ; 
the maxille are enlarged and somewhat divergent at the extremity ; 
the lip is oblong, and broader at the base than at the apex, which is 
rounded; the sternum is oval, with small prominences on the sides, 
opposite to the legs. The legs are long, and provided with hairs and 
sessile spines, dark-coloured hair-like papille occurring on the inferior 
surface of the metatarsi and tarsi of the first and second pairs; the 
fourth pair is the longest, then the second, and the third pair is the 
shortest; each tarsus is terminated by two curved, pectinated claws, 
below which there is a small scopula; the palpi are short, and the 
digital joint is well supplied with hairs, which give it the appearance 
of being somewhat enlarged, particularly at the extremity. These 
parts have a pale-yellowish hue, the cephalethorax being rather the 
<larkest. 


Family CINIFLONID.£. 
Genus Ortruy1a, Blackw. | Uloborus, Walck. | 


Oriruyta WILLIAMSIL. 

Orithyia Williamsii, Blackw., Ann. and Mag. cf Nat. Hist., ser. 3, 
vol. u., p. 831; vol. viii., p. 443, and vol. xviil., p. 453. 

ORITHYIA LUTEOLA. 


Orithyia luteola, Blachw., Ann. and Mag. of Nat. Hist., ser. 3, vol. 
KV O Oe 

ORITHYIA GNAVA. 

Ovithyia gnava (female), Blackw., Ann. and Mag. of Nat. Hist., ser. 
Bp WOlly x4ul. ioe COE 

The male of this species, which seems to have escaped the observa- 
tion of arachnologists, is not so robust as the female, but its legs are 
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longer; it is also rather darker coloured, and the protuberance on 
which the intermediate eyes of the anterior row are seated is more 
prominent. The palpi are short; the radial is stronger than the 
cubital joint, and the digital joint is oval, pointed at its extremity, 
convex and hairy externally, concave within, comprising the palpal 
organs, which are highly developed, prominent, not very complex in 
structure, and of a brownish-yellow colour. The convex sides of the 
digital joints are directed towards each other. 


Family THERIDIID &. 


Genus Turripion, Walch. 
THERIDION PLACENS, n. sp. Plate 2, fig. 10. 


Length of ne female, 2‘>ths of an inch ; length of the cephalothorax, 
as3 breadth, 2 53 breadth of the abdomen, jr; length of an anterior 
leg, +; length of a leg of the third pair, t. 

The cephalothorax. is convex, glossy, compressed before, rounded 
in front and on the sides, and has an indentation in the medial line of 
the posterior region ; the falces are conical and vertical; the maxille 
are obliquely truncated at the extremity, on the outer side, and in- 
clined towards the lip, which is semicircular; the sternum is heart- 
shaped. The legs are long, and provided with hairs; the first pair is 
the longest, then the third, and the fourth pair is the shortest; each 
tarsus is terminated by three claws; the two superior ones are curved, 
and shghtly pectinated, and the inferior one is inflected near its base ; 
the palpi are slender and have a curved minutely pectinated claw at 
their extremity. These parts are of a pale-yellowish colour. The 
eyes are disposed on the anterior part of the cephalothorax in two 
transverse rows; the four intermediate ones form a square, the ante- 
rior ones, which are seated on a ‘small protuberance, being the largest 
and darkest of the eight; the eyes of each lateral pair are placed on a 
minute tubercle, and are contiguous. The abdomen is oviform, convex 
above, and projects over the base of the cephalothorax; it is of a 
yellowish- -brown colour, the under part being the palest, with an irre- 
gular line composed of white spots extending along each side of the 
middle of the upper part; the sexual organs, which are moderately 
developed, have in connexion with them a triangular process directed 
backwards, and are of a yellowish-red colour. 

The male is rather smaller and darker coloured than the female. 
The radial joint of its palpi is stronger than the cubital joint; the 
digital joint is oval, convex and hairy externally, concave within, com- 
prising the palpal organs, which are well developed, rather complex 
in structure, with a fine, black, shghtly-curved, pointed spine on the 
lower side, which is directed forwards. The convex sides of the 
digital joints are directed towards each other. 

Immature individuals of this species are darker coloure| than adult 
females. 
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THERIDION LEVE, D. sp. 

Length of an immature female, ~:th of an inch; length of the 
cephalothorax, :4;; breadth, 315; breadth of the abdomen, =4-; length 
of an anterior leg, +; length of a leg of the third pair, +45. 

The eyes are seated on black spots on the anterior part of the ceph- 
alothorax; the four intermediate ones form a square, the two anterior 
ones, which are placed on a small protuberance, being the largest of 
the eight; the eyes of each lateral pair are seated on a minute tubercle, 
and are near to each other, but not in contact. The cephalothorax is 
slightly compressed before, rounded in front, and on the sides convex, 
glossy, and has a slight indentation in the medial line of the posterior 
region ; it is of a yellowish-white colour, a brown band extending from 
each lateral pair of eyes nearly to its base. The falces are conical, 
vertical, and have a brownish-yellow hue. The maxille are obliquely 
truncated at the extremity on the outer side, and inclined towards the 
lip, which is short and pointed at the apex. These organs have a pale- 
yellowish hue, the former being tinged with brown on the outer side. 
The sternum is heart-shaped, convex, glossy, and of a dull yellow 
colour, with brownish-black lateral margins. The legs are slender, 
supplied with short hairs, and are of a pale yellowish-brown hue, 
marked obscurely with soot-colour at the articulation of the joints; 
the first pair is the longest, then the second, and the third pair is the 
shortest. The palpi are short, without soot-coloured marks, and are 
terminated by asmall curved claw. The abdomen is oyiform, convex 
above, projects over the base of the cephalothorax, and is of a dull- 
yellowish colour, freckled with white; a pale brown dentated band 
extends from the anterior extremity of the upper part, along the 
middle, about two-thirds of its length, and is followed by three soot- 
coloured lines that meet at the coccyx, the intermediate one being 
composed of small spots; the spinners have a brownish-black hue, and 
the outer side of the branchial opercula is soot-coloured. 


Genus AreynopEs, S7mon. 


ARGYNODES ROSTRATA, nD. sp. Plate 2, fig. 11. 


Length of the male, from the anterior part of the cephalothorax to 
the summit of the abdominal cone, 3's of an inch; length of the ceph- 
alothorax, 3's; breadth, 35; breadth of the abdomen, 3;; length of an 
anterior leg, +; length of a leg of the third pair, +4. 

The abdomen rises from its anterior extremity, which projects a 
little over the base of the cephalothorax, into a large obtuse cone 
ereatly elevated above the spinners; the upper part has a brilliant 
silvery-white colour, with a brownish-black band extending along the 
middle to the summit of the abdominal cone; the sides, posterior face 
of the cone, and under part are of a brownish-black colour, the last 
having a tinge of red; a white point is projected from the upper part 
on each side; a line of the same hue, bifid at its superior extremity, 
extends along each side of the posterior face of the cone, and two small 
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white spots are placed transversely, immediately before the spinners, 
on the under side; these points, streaks, and spots have a brilliant 
silvery lustre. The cephalothorax is oval, moderately convex, glossy, 
with a slight indentation in the medial line of the posterior part, and 
‘a pointed conical prominence in the cephalic region, which has a 
process in front directed obliquely forwards and upwards, whose 
obtuse extremity is provided with hairs; it is of a red-brown colour, 
the fine lateral margins and the summit of the cone being much the 
darkest. The falces are conical, vertical, and armed with a few teeth 
on the inner surface; the maxille are somewhat enlarged at the ex- 
tremity, and slightly inclined towards the lip. These organs are of a 
red-brown colour, the maxille being rather the darker. The lip is 
semicircular, and prominent at the apex, and the sternum is heart- 
shaped, convex, and glossy. These parts have a brownish-black hue. 
The eyes are seated on the cephalic cone; the four intermediate ones 
nearly form a square; the two anterior ones, which are the largest of 
the eight, are situated on the summit of the cone, in front, and the 
two posterior ones a little below the summit; the eyes of each lateral 
pair are placed on a minute tubercle nearer to its base, and are con- 
tiguous. The legs are slender, provided with short hairs, and have a 
pale yellowish-brown hue; the first pair is the longest, then the 
second, and the third pair is the shortest. The palpiresemble the legs 
in colour, with the exception of the digital joint, which has a dark- 
brown hue, tinged with red; the cubital is larger than the radial 
joint, and the digital.joimt is oval, convex, and hairy externally, 
concave within, compressing the palpal organs, which are highly 
developed, complex in structure, prominent at the extremity on the 
outer side, and are of a red-brown colour. 


[ This spider is exceedingly closely allied to Argyrodes cpeire, Sim., 
but may be distinguished without difficulty by the more projecting (or 
less vertical) direction of the characteristic process in front of the upper 
part of the caput. Im general form, colours, and markings the two 
species are remarkably similar ; and probably the economy of the Sey- 
chelles species is the same as that of 4. epeire, since the spider (Cyr- 
tophora (Epeira) opuntie, Duf.) in whose webs the latter is found 
appears to be also found in the Seychelles Islands. | 


Family EPEIRIDZA. 
Genus Errrra, Walch. 
Eperra opscura, n. sp. [ Epeira nocturna, Vins. | 
Length of the female, % of an inch-; length-of the cephalothorax, 1; 


breadth, +; breadth of the abdomen, +. The first pair of legs is the 
longest, then the second, and the third pair is the shortest; but as 
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these limbs were mutilated, their absolute length could not be deter- 
mined with accuracy. 

The cephalothorax is compressed before, rounded in front and on 
the sides, convex, depressed at the base, with an indentation on the 
medial line of the posterior region; it is thinly clothed with short 
whitish hairs, and is of a reddish-yellow colour. The eyes are dis- 
posed on the anterior part of the cephalothorax in two transverse 
rows; the four intermediate ones are seated on a prominence, and 
nearly form a square, the two anterior ones, which are wider apart 
than the posterior ones, being the largest of the eight; the eyes of 
each lateral pair are placed obliquely on a tubercle, and are near to 
each other, but not in contact. The falces are powerful, conical, 
vertical, and armed with teeth on the inner surface; the maxille are 
short, straight, and enlarged and rounded at the extremity. These 
organs are of a dull-yellowish hue, tinged with soot-colour on the 
inner surface. The lip, which is semicircular, is of a reddish-brown 
colour at the base, that of the margin and apex being yellow. The 
sternum is heart-shaped, with small eminences on the sides, opposite- 
to the legs; it has a brownish-yellow hue, the medial line being the 
palest. The legs are provided with hairs, and have a brownish-yellow 
hue, with reddish-brown annuli. The palpi resemble the legs in 
colour, and are terminated by a curved, pectinated claw. The abdo- 
men is broad, triangular, somewhat depressed, and projects over the 
base of the cephalothorax; it is sparingly supplied with short white 
hairs, and has on the upper part a large, dentated, dark-brown mark, 
that tapers to the spinners; it is obscurely mottled with dull yellow, 
and is barred transversely with dark brown above the coccyx; the 
anterior part comprises a dark-brown band that extends more than a 
third of its length, and is triangular at its anterior, and obtuse at its 
posterior extremity; brown lines pass obliquely from the lateral 
margins of the dark-brown mark to the upper part of the sides, which, 
with the under part, are of a brownish-yellow hue, streaked and 
freckled with brown; the middle of the under part is brown, tinged 
with dull-yellow in the medial line, and has a pale-yellow line on 
each side, which is enlarged and curved inwards at its posterior 
extremity. The sexual organs are well developed, of a red-brown 
colour, and project from their anterior margin a pointed, prominent 
process, directed backwards, which is somewhat depressed and hol- 
lowed on the upper side at its extremity. 

[This spider, Hpecra obscura, is, without doubt, the 2. nocturna, 


Vinson. (Aranéides des Iles de la Réunion, &c., Pl. 4, fig. 3). ] 


Ererra Moreru. 
Epeira Morelu, Vinson, Aranéides des Iles de Ue Reunion, Maurice 
et Madagascar, p. 166, Pl. iv., fig. iv. ay 

Length ot the female, +s of an inch; iene of the cephalo- 
thorax, +; breadth, as; breadth of the abdomen, +; length of an 
anterior leg, +; length of a leg of the third pair, 3 
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The figure and description of this handsome species given by 
M. Vinson are those of a young male, whose palpal organs were not 
developed, and which probably had to undergo its final ecdysis before 
it arrived at maturity. 

As the female, though larger than the male, resembles it in colour, 
I shall here briefly offer a few remarks upon it relative to such 
particulars as have been omitted by M. Vinson. The eyes are seated 
on black spots, and the posterior ones of the lateral pairs are the 
smallest of the eight. The maxille are enlarged and somewhat 
rounded at the extremity, and of a brownish-yellow colour. The lip 
is semicircular, and slightly pointed at the apex; and the sternum is 
heart-shaped, with eminences on the side, opposite to the legs. These 
parts have a brown colour; the base of the lip, which is the darkest, 
is tinged with red, and its apex has a brownish-yellow hue; a 
yellowish-white line, that tapers to its extremity, extends along the 
middle of the sternum. The first and second pairs of legs are marked 
with brown at the extremity of the joints, on the under side, and the 
fourth pair is longer than the second. The abdomen has a brown 
band, streaked longitudinally with dull yellow, extending along each 
side, and the yellowish-white medial band on the upper part comprises 
an obscure, pale-brown, longitudinal line: the branchial opercula 
have a brown hue, and there is in connexion with the sexual organs a 
prominent curved process, directed backwards, which is of a red- 
brown colour, its extremity being much the darkest. 

Eperra opunt1 [Cyrtophora, Sim. | 

Epeira opuntie, Dufour, Descript. de six Aran. now., Ann. génér. 
des sc. phys., tom. iv., p. 389, Pl. 69, fig. 3. 

Eperra coenata, n. sp. [Argyrodes, Sim. Family Tuerimpar. | 
Plate 2, fig. 12. 

Length of the female, from the anterior part of the cephalothorax 
to the summit of the abdominal cone, + of an inch; length of the 
cephalothorax, =3;; breadth, 3's; breadth of the abdomen,.+4;; length 
. of an anterior leg, +; length of a leg of the third pair, +. 

The abdomen has a large conical protuberance situated near the 
middle of the upper part, high above the spinners, which has an 
obtuse prominence on each side of its extremity ; it is broader in the 
middle than at the anterior part, which projects a little over the base 
of the cephalothorax ; a black band, bordered by a white line, extends 
along the middle of the upper part to the base of the conical pro- 
tuberance, which is black in front, with a white spot on each side, 
and of a yellowish-white colour, mingled with black, in its postericr 
region, the apices of its terminal prominences having a yellowish- 
white hue, and there are a few white spots at the base of the spinners; 
the sides have a triangular form, and their colour is black. with pale 
reddish and yellowish-brown intermixed, an angular whitish mark, 
whose lower limb is the longer, and whose vertex is directed back- 
wards and downwards, being situated at the extremity of each; the 
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under part has a dull reddish-brown hue, obscurely spotted with 
yellowish-white, that of the branchial opercula being brown. The 
sexual or gans are highly developed, very prominent, camel enlarged 
at the extremity, which has a convexity on each side,! and their 
colour is dark red-brown. The cephalothorax is somewhat oval, 
slightly compressed before, moderately rounded on the sides, convex, 
elossy, with a large transverse indentation in the medial line, and is 
of a dark red- brown colour, the medial region being the palest, The 
falces are conical, rather prominent, and armed with a few teeth on 
the inner surface: the maxille are obliquely truncated at the ex- 
tremity, on the outer side, and slightly inclined towards the lip, which 
is semicircular, but somewhat pointed at the apex; and the sternum 
is oblong heart-shaped, with small eminences on the sides, opposite to 
the legs. ‘These parts have a yellowish-brown colour, the falces 
being the darkest. The eyes are disposed on the anterior part of the 
cephalothores in two transverse rows, high above the frontal margin ; 

he four intermediate ones form a square, the anterior ones, which are 
ae on a small prominence, being the largest and darkest coloured 
of the eight; the eyes of each lateral pair are seated on a minute 
tubercle, and are contiguous. The legs are long, slender, provided 
with a few hairs, and are of a yellowish-brown hue, with red-brown 
annuli; the first pair is the longest, then the second, and the third 
pair is the shortest ; each tarsus is terminated by claws of the usual 
number and structure. The palpi are short, of a yellowish-white 
colour, with the exception of the radial and digital jomts, which have 
a dark-brown hue, and the latter has a slender, curved claw at its ex- 
tremity. 

The male is smaller and darker coloured than the female, but its 
legs are longer, an anterior one measuring 3%; of an inch; the large 
conical protuberance is more erect, the annuli on the legs are scarcely 
perceptible, except at the joints, and in the space surrounded by the 
eyes there is a cone directed obliquely forwards, which is surmounted 
by afew hairs. The design formed on the abdomen by the distribu- 
tion of its colours is similar in both sexes. The humeral, radial, and 
digital joints of the palpi are of a dark-brown colour, tinged with 
red, and that of the cubital joint is yellowish-brown ; the radial joint 
is produced at its extremity, on the outer side; the digital joint is 
oval, convex, and hairy externally, concave within, comprising the 
palpal organs, which are well developed, complex in structure, and of 
a red-brown colour. The convex side of the digital joints are direeted 
towards each other. 


[This spider is undoubtedly an Argyrodes, and very closely allied 
to A. Syriaca (Camb.),? which it resembles in the very characteristic 


1 That on the left side of the specimen described appeared to be abnormal in 
form. 

2 Spiders of Palestine and Syiia, ‘‘ Proceedings Zoological Society,’’ 1872, 
p- 279, pl. xiii., fig. 10. 
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conical prominence at the apex of the caput in the male; the larger 
size, however, of the spider, and a considerable difference in the form 
-of the abdomen, together with other distinctions of colours, markings, 
and palpal structure will make the male easily distinguishable, while 
the very remarkable development of the epigyne of the female is 
totally unlike that of the female of £. Syriaca. The abnormal de- 
velopment of one side of this sexual appendage, mentioned in Mr. 
Blackwall’s note, is only apparent, being evidently caused by the 
accidental adhesion of a small particle of resinous matter, the colour 
of which happens to resemble nearly that of the appendage in 
question. | 


Genus Nepuita, Leach. 
NEPHILA INAURATA. 


Nephila inaurata, Walchenaer, Hist. Nat. des Insect. Apt., tom. 
l., p. 94. 

Nepuina PLumiprs. Plate 2, fig. 13. 

Nephila plumipes, Koch, Die Arachn., bd. vi., p. 188, tab. 213, 
fig. 529. Walckenaer, Hist. Nat. des Insect. Apt., tom. u., p. 99. 

Length of the male, 3% of an inch; length of the cephalothorax, -%;; 
breadth, =4: breadth of the abdomen, ;*; ; length of an anterior leg, 2; 
length of a leg of the third pair, +. 

The eyes are seated on black spots on the anterior part of the 
cephalothorax ; the four intermediate ones nearly form a square, the 
anterior ones, which are rather wider apart than the posterior ones, 
and are placed on a small protuberance, being the largest of the eight ; 
the eyes of each lateral pair are seated on a tubercle, and are near to 
each other, but not in contact. The cephalothorax is convex, glossy, 
compressed before, rounded in front and on the sides, with a broad 
indentation in the medial line of the posterior region; it is of a dull- 
yellow colour, with a brown patch on each side of the thorax. The 
falces are conical, vertical, armed with one or two small teeth on the 
inner surface, and are of a dull-yellow colour. The maxille are en- 
larged and rounded at the extremity, and slightly inclined towards 
the lip, which is triangular. These parts are of a brownish-yellow 
colour, the latter having a dark-brown hue on each side of its base. 
The sternum is heart-shaped, with small eminences on the sides, 
opposite to the legs, and is of a dark-brown colour, a yellowish-white 
line, which tapers to its extremity, extending along the middle. The 
legs are long, slender, provided with hairs and some long spines, and 
are of a brownish-yellow colour ; the first pair is the longest, then the 
second, and the third pair is the shortest. The palpi are short, and of 
a pale-yellow hue, that of the digital jomt being brown; the radial is 
slightly larger than the cubital joint, and the digital joint is oval, 
convex, and hairy externally, concave within, comprising the palpal 
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organs, which are highly developed, sub-globose, glossy, with a long, 
slender, moderately curved process at their extremity, whose pointed 
termination is slightly recurved, and are of a dark-brown colour. The 
abdomen is subeylindrical, rather broader at the anterior than at the 
posterior extremity, which is rounded, and projects a little beyond the 
spinners; a broad, irregular, olive-brown band extends along the 
middle of the upper part, and comprises some pale-yellow spots, six, 
which are minute, being disposed in pairs immediately above the 
spinners; a pale-yellow band curves round the anterior extremity, 
and passes, with some interruptions, along each side of the medial 
band; the sides are of an olive-brown colour, marked with irregular 
spots and streaks of a yellow hue, and a brown olive-brown band, 
bounded laterally by a white line, extends along the middle of the 
under part; the colour of the branchial opercula is dark-brown. 

It will be perceived that I have felt some hesitation in announcing 
this Nephila, which seems to be unknown to arachnologists, as the 
male of WV. plumipes, to which it appears to approximate more nearly 
than to any other species that I am acquainted with. 

[I have carefully compared the example from which Mr. Black- 
wall’s description is made with several undoubted examples of the 
male of LV. pluwmipes received from the Brazils, and can find no specific 
difference whatever. This sex is described and figured (the figure is 
very imperfect) by Dr. B. 8. Wilder, in the ‘“‘ Proceedings of the 
Boston Society of Natural History” for October, 1865. | 


Genus TerracnatHa, Latr. 


TETRAGNATHA MINAX, n. sp. Plate 2, fig.14. 


Length of the male (not including the falces), 3% of an inch; 
length of a falx, +; length of the cephalothorax, 3; breadth, +;; 
breadth of the abdomen, 31;; length of an anterior leg, 14; length of 
a leg of the third pair, =. 

The eyes are seated on black spots, and are disposed on the ante- 
rior part of the cephalothorax in two transverse, nearly parallel 
rows; the four intermediate ones describe a square, the anterior ones, 
which are placed on a small protuberance, being the largest, and the 
anterior eye of each lateral pair the smallest of the eight. The ceph- 
alothorax is long, moderately convex, glossy, compressed before, 
rounded in front, slightly so on the sides, has an indentation in the: 
medial line of the posterior region, and is sparingly supplied with 
short pale hairs; the falces are very long and prominent, widely 
divergent, narrower at the base than at the extremity, and armed — 
with a long, slightly curved, reddish-brown fang, a curved, pointed 
process directed forwards near the extremity of the upper part, 
towards the inner side, and a row of teeth on each side of the groove 
occupied by the fang when in a state of repose; the superior row 
comprises twelve teeth, the anterior one being the largest, and the 
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inferior row consists of about sixteen teeth. The lip is semicircular 
and prominent at the apex; the maxille are long, straight, and 
enlarged at the extremity, which is rounded on the inner side, and 
angular and prominent on the outer side; the sternum is heart-shaped, 
with small eminences on the sides, opposite to the legs; the legs are 
very long, slender, and provided with hairs and spines; the first pair 
is the longest, then the second, and the third pair is much the 
shortest ; each tarsus is terminated by claws of the usual number and 
structure. These parts are of a pale, dull-yellow colour; the inner 
margin of the maxille is soot-coloured, and the base of the lip has a 
red-brown hue. The palpi are long, slender, and of a yellowish-white 
colour; the radial is longer than the cubital joint and clavate; the 
digital joint consists of two narrow, membraneous parts clothed with 
hairs externally, one of which is much longer than the other; with 
the base of these parts the palpal organs are connected; they are 
moderately developed, glossy, sub-globose, and terminate in a promi- 
nent, curved spine, enveloped in membrane, which is recurved and 
somewhat enlarged at its extremity, and they are of a pale red-brown 
colour. The abdomen is long, subcylindrical, and tapers to its 
extremity, which projects a little beyond the spinners; it is of a dull- 
yellowish colour reticulated with brown lines; a ramified brown line 
extends along the middle of the upper part, and a longitudinal band 
of the same hue, freckled with minute yellowish-white spots, and 
bounded laterally by lines composed of numerous similar spots, occurs 
in the middle of the under part; the branchial opercula have a yel- 
lowish-brown hue, and there are a few white spots about the base of 
the spinners. 

The immature female is rather darker coloured than the adult 
male. 

TrrracNatHsa THORELLH, n. sp. [Meta, Koch]. Plate 2, fig. 15. 

Length of the female, ith of an inch; length of the cephalothorax, 
ss; breadth, 4;; breadth of the abdomen, +4; length of an anterior 
leg, 2; length of a leg of the third parr, 4. 

The abdomen is robust, subcylindrical, projects a little over the 
base of the cephalothorax, and curves abruptly downwards at its poste- 
rior extremity; the upper part and the superior region of the sides 
are of a bright silvery-white colour reticulated with fine brown lines, 
the latter having a slight golden tinge; a pale-brown ramified band 
extends along the middle of the former to the commencement of the 
posterior curve, and on each side of the curve there is a series of black 
spots that diminish in size as they approach the spimners; a broad 
brown band, palest in the medial line, whose upper margin is irre- 
gular, occupies the inferior region of the sides; the under part has a 
longitudinal brown band in the middle, comprising a dull-yellowish 
line, and is bounded laterally by a pale-brown line spotted with 
minute silvery spots; the branchial opercula have a brownish-yellow 
colour, and that of the sexual organs, which are moderately developed, 
is dark reddish-brown. The cephalothorax is compressed before, 
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rounded in front and on the sides, convex, glossy, with a large inden- 
tation in the medial line of the posterior region, and is of a brownish- 
yellow colour. The eyes are seated on black spots, and are disposed 
in two transverse rows on the anterior part of the cephalothorax ; the 
four intermediate ones form a square ; the two anterior ones, which are 
rather the largest of the eight, and seated on a slight protuberance, 
being situated immediately above the frontal margin ; the eyes of each 
lateral pair are placed obliquely on a small tubercle, and are con- 
tiguous. The falces are powerful, very convex in front, vertical, and 
armed with teeth on the inner surface; the maxille are straight, and 
increase in breadth from the base to the extremity, which is angular 
and prominent on the outer side. These parts have a brownish-yellow 
hue, the latter being the darker, particularly on the ner side. The 
lip is seraicircular, and of a red-brown colour, the apex being rather 
the palest ; and the sternum is heart-shaped, with prominences on the 
_sides, opposite to the legs, and has a yellowish-brown hue. The legs 
are long, slender, provided with hairs and a few fine spines, and are 
of a dark-brown colour, with the exception of the coxee, femora, and 
genual joints, which have a yellowish-brown hue; the first pair is the 
longest, then the second, and the third pair is the shortest ; each tarsus 
is terminated by claws of the usual number and structure. The palpi, 
which are slender, resemble the legs in colour, and have a slightly 
curved, minutely pectinated claw at their extremity. 

With the Tetragnatha described above, which belongs to the 
family Coadunate of Walckenaer, I have associated the name of Pro- 
fessor T. Thorell, Ph. D., whose important works on arachnology 
should be carefully perused by all students of that department of 
zoology. 


[ This species is exceedingly closely allied to Meta decorata (India), 
and more nearly still to JL quinquelineata, Keys. (Bogota, South 
America); it is also nearly allied to JL argentata, Camb,, and J. 
culta, Camb., Ceylon. All these species have been described as 
belonging to the genus Tetragnatha. | 


PLATE 1. 


InnustrativE oF 4 Paper sy Mr. Jonn Brackwatt anv Rev. O. P. 
CamBrince ‘‘On a List or Sprpers CaprureD IN THE SEYCHELLES 
Istanps sy Proressor E, Percevan Wrient.”’ 


Vide Proceedings R. I. Acad., Vol. 3, Ser. 2, p. 1. 


Fig. 1. Saltveus Wrightit. Bl. 2. 1a, profile, without legs; 14, 
genital aperture. 


DD. »  acutus. Bl., &. 2a, profile, without legs ; 2b, genital 
aperture of @ ; 2c, palpus of ¢. 


,,  activus. Bl., &. 3a, profile, without legs; 36, palpus. 


4, »  constrictus. Bl., 2. 4a, profile, without legs. 


5. Lyssomanes pallens. Bl., 2. 5a, profile, without legs ; 5d, 
upper side of forepart of cephalo-thorax, showing 
the relative size and position of the eyes. 


6. Thomisus insularis. Bl., 2. 6a, profile, without legs; 64, 
. upper side of forepart of cephalo-thorax, showing 
the relative size and position of the eyes. 


7. Olios validus. Bl., 3. Ta, forepart of upper side of cephalo- 
thorax, showing the relative size and position of 
the eyes; 76, palpus of ¢ ; 7c, profile of ¢, 
without legs; 7d, genital aperture of ¢. 


PLATE 2. 


IuitustRaTivE oF A Paper By Mr. Jonn Buackwati and Rey. O. P. 


CamMBRIDGE ‘‘ On 4 List oF SprpeRs CAPTURED IN THE SEYCHELLES 
Tstanps By Prorressor E. PErcevAL Wricut.”’ 


Vide Proceedings R. I. Acad., Vol. 3, Ser. 2, p. 1. 


Fig. 8.* Sparassus guttatus. Bl., 2. 8a, profile, without legs ; 84, 


10. 


138. 
14. 


forepart of cephalo-thorax, showing the relative size and 
position of the eyes ; 8c, maxille and labium. 


. Clubiona nigromaculosa. Bl., 2. 9a, profile, without legs. 


Theridion placens. Bl., ¢. 10a, palpus ; 104, profile, with- 
out legs. 


. Argyrodes rostrata. Bl., ¢. 11a, profile, without legs ; 110, 


palpus. 


. Epeira cognata. Bl., $. 12a, profile, without legs; 124, pal- 


pus; 12c, genital aperture of 2 ; 12d, ditto, from below. 
Nephila plumipes. C. Koch., $. 18a, palpus. 


Tetragnatha minaz. Bl., ¢. 14a, one of the falces; 146, 
forepart of cephalo-thorax, showing the relative size and 
position of the eyes; 14c, palpus. 


. Letragnatha Thorellii. Bl., 2. 15a, profile, without legs ; 


15), genital aperture. 


* This figure is referred to by mistake, in the description of the Spider, as in Pl. 1. 
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IJ.—Myotocy or tHe CuHeeran, ok Huntinc Leoparp oF Inprta 
(Feris Jesara). By F. Ocirpy Ross, Student in Medicine, of Trinity 
College, Dublin. 

[Read, November 30, 1876.] 


Tue following facts, relative to the myology of the Cheetah, are founded 
on the examination of a specimen which Professors Macalister and 
Haughton kindly allowed me to dissect. 

The animal, a fine male, was presented by Viscount Southwell to 
the Zoological Gardens, where it lived in good health since 1872. 

A little more than a month ago it died in convulsions, for which 
no cause was discovered on post-mortem examination. 

Before proceeding to describe its myology, a few facts relative to its 
history and general anatomy may not be out of place. 

Therearefound in India two animalsavith spotted skins—the common 
panther of naturalists, and another, the hunting leopard, named after 
Daubenton, the Guepard (the hunting leopard), known to the ancients. 

The Arabians also knew of and distinguished two animals with 
spotted skins, the first under the name of Nemer, the other under that 
of Fehd; the latter Bocchart considered identical with the lynx, © 
Cuvier with the hunting leopard. Aristotle says its young were born 
blind. According to Herodotus, it inhabited Africa with the ibis. 
Its skin was spotted, and its natural disposition tameable, according 
to Eustathius. 

The last two traits seem inapplicable to any but the animal called 
Fehd by the Arabians. Their not referring to its being used for hunt- 
ing purposesis very natural, if, as Eldemiri informs us, the first person 
who so employed it was Chalib, the son of Wail.? 

Dr. J. E. Gray” places the hunting leopards in a separate tribe, that 
of the Guepardina, of which the following are the chief characteristics: 
Head short, subglobate; face very short; neck slightly maned; legs 
elongate, slender, subequal; tail elongate; ears rounded; pupil 
round (?). Skull: face very short, convex; the processes of the frontals 
and intermaxille very short, not separating the nasals from the maxille ; 
the flesh tooth of the upper jaw has no lobe, only a very slightly 
raised, scarcely visible keeled ridge, and is thin and compressed ; the 
front, upper false grinder, distinct, small ; orbits incomplete, mo- 
derate. 

Genus, GuEparpa, Gray. Cynmturus, Wagner. 
GUEPARDA GUTTATA, 
Felis guttata, Herm.; Blainv., Ostéographie, Felis: t. 4, (skeleton) ; 


1 Cuvier, ‘‘ Animal Kingdom,” by Griffiths, Mammalia, vol. ii., p. 469. 
2 Dr. J. E. Gray’s Notes on the Sxulls of Cats, ‘‘ Proceedings of the Zoological 
Society of London,”’ 1867. 
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t. 9 (skull). F.jubata, Schreb. F. venatica, 4. Smith. ¥. fearonis (?), 
A. Smith. Cynzlurus semmeringu, Lippell. 

Professor Owen, ? however, places it in the genus Felis. He says, 
“The os hyoides is connected to the cranium by an uninterrupted 
series of bones, thus connecting it with the cats. It possesses the cir- 
cular pupil common to lon, tiger, leopard, and jaguar. 

‘Tn the form of the cesophagus and in the transverse rug of its 
lower half the Cheetah agrees with the lion, and in it, as in the 
other Feles, the cesophagus is not prolonged into the abdomen, but 
terminates, immediately after passing through the diaphragm, in the 
stomach ; this organ in the Cheetah has all the peculiarities which 
are found in the genus Felis. The intestines also agree in character 
with those of that group; and the cecum, as usual in it, is simple, 
having none of the convolution which is found in the dog. The liver, 
pancreas and spleen resemble those of the cats generally ; as do also 
the kidneys in the arborescent form of their superficial veins—a form, 
however, equally common to the Viverride and the Felide, which also 
agree in having spicule on the tongue. 

‘‘The thoracic viscera of the Cheetah agree with those of the cats. 
The lytta or rudiment of the lingual bone, so conspicuous in the dog, 
is reduced in it, as in the other feline animals, to a small vestige. 

‘‘ There is, as in the Feles generally, no bone of the penis; and the 
glans, as usual in them, has retroverted papille. 

‘The elastic ligaments of the ungual phalanges exist in the same 
number and position as those of the lion; they are, however, longer 
and more slender, their length alone occasioning the incomplete re- 
traction of the claws, as compared with the rest of the Felide.” 

Professer Owen concludes by observing that in the circulatory, 
respiratory, digestive, and generative systems, the Cheetah conforms 
to the typical structure of the genus Felis. 

Habitat : Africa, Asia, Persia.6 From Southern and Western 
India, through Persia, Syria, Northern and Central Africa, to the 
Cape of Good Hope.’ 

Dr. Kirk® mentions it as occurring in the Makalalo country (not 
common) in his lst of the Mammals of Zambesia. 

The dissection was commenced towards the latter end of October. 
On taking off the skin, the panniculus carnosus was found to be 
moderately well developed i in the fore part of the body, but more fully 
in the hinder part. 

The trapezius was divided as usual into the clavicularis (corre- 
sponding to the anomalous cleido-occipital in man), and scapulares, 
superior and inferior. 


3 On the Anatomy of the Cheetah, Felis Jubata, Schreb. ‘‘ Proceedings of the 
Zoological Society of London,’” part i., 1838, p. 108. 

4 Gray, loc. cit. 

5 Wallace, ‘‘ Geographical Distribution of Animals,”’ vol. ii. p. 198. 

6 « Proceedings Zoological Society of London,”’ 1864, p. 653. 


Ross—On the Myology of the Cheetah. 25 


The first of these arose from the par-occipital and posterior part of 
the squama, passed downwards parallel to the posterior border of the 
sterno-mastoid, and became continuous with the clavicular deltoid ; 
the line of separation between the two being faintly tendinous, and 
marked by the insertion of cleido-mastoid. Weight = 1:20. 

The scapularis superior, arismg from the ligamentum nuchee and 
7th cervical spine, was inserted into the anterior border of the spine 
of the scapula. Just previous to its insertion it fused with the tra- 
chelo-acromialis, or omo-atlanticus of Professor Haughton. Weight 
of two together = 2°65. 

The scapularis inferior, smaller and thinner than the preceding, 
arose from the upper six dorsal spines, and had also an additional slip 
of origin from the latissimus dorsi of the opposite side, inserted into 
the posterior fifth of the lower border of the spine of the scapula. 
Weight = 1°40. 

The cleido-mastoid arose from the mastoid process, and was in- 
serted into the tendinous clavicular line at the junction of the clavi- 
cular trapezius and clavicular deltoid. Weight = -70 

The trachelo-acromialis, or omo-atlanticus of Professor Haughton, 
arising from the transverse process of the atlas, was inserted into the 
superior scapular portion of the trapezius. 

The rhomboideus divided into three portions, major, minor, and 
occipital, the two latter being fused together. 

The occipital arose as usual from the occiput, and soon fused with 
the minor, which took its origin from an aponeurosis, connected with 
the first six cervical spines, and also directly from the 7th cervical 
and 1st dorsal spines. It was inserted into the greater part of the 
posterior border of the scapula = 2°75. The major, much smaller, 
arose from the 2nd, 3rd, and 4th dorsal spines. Insertion into the 
inferior angle of the scapula, connected with the origin of teres major. 
Weight = -90. 

Both major and minor were very coarsely fibred, flabby, and, 
especially the former, mixed with a large quantity of firm yellow ish 
fat, amounting almost to fatty degeneration. 

The major was also more or less united with the serratus magnus, 
numerous fibres and masses of fat extending from one to the other. 

The teres major (3°35) had an extensive origin from the internal 
surface of the scapula, posterior portion, and also from the aponeu- 
rosis covering the subscapularis. Insertion fleshy, about an inch 
broad, into the upper part of the internal surface of the humerus, 
being intimately connected with the internal head of the triceps. 

From its extensive origin from the scapula, and the relative posi- 
tions of this bone and the humerus, 7,. ¢., nearly at right angles, this 
muscle must be a powerful retractor, as well as internal rotator. 

Teres minor (*31), small and cylindrical, with a second origin from 
long head of triceps. Insertion fleshy. 

‘Latissimus dorsi (12°36) took an extensive origin from the 3rd— 
12th dorsal and 1st lumbar vertebre, from lumbar fascia, and three 
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lower ribs: beneath it was a large bursa and also amass of firm 
white fat, weighing about 2 oz. The tendon of insertion was scarcely 
at all twisted on itself, as in man: insertion as usual. 

The triceps accessorius (-05), triangular in shape, about one inch 
broad and long, and very thin, was inserted by a long fine tendon into: 
the inner and posterior surface of the olecranon. Supplhed by the: 
musculo-spiral nerve. 

Subscapularis (4:90), very thick. Pectoralis minor absent. 

Pectoralis major (16°86) consisted of two layers, embracing he- 
tween their insertions the triceps. The superficial layer arose from 
the median line of the thorax; closely connected with the opposite 
muscle. Insertion into a ridge on the outer surface of the humerus for 
about eight inches; also into the greater tuberosity, continuous below 
with the clavicular portion of the deltoid. 

The deep, the smaller of the two, arose from the sternum, nearer its. 
lateral margin, and was inserted into the lesser tuberosity, and a line 
leading downwards and forwards from it for about three inches. 

Coraco-brachialis major, and subclavius, were absent. 

The coraco-brachialis minor (-06) arose by a fine tendon from the 
upper border of the glenoid cavity. It soon became fleshy, and was 
inserted tendinous and fleshy, immediately below the facet for the 
subscapularis tendon, which it crossed over, on the lesser tuberosity. 
The above was symmetrical. 

The deltoid, as usual, divisible into three portions—scapularis, 
acromialis, and eller icularis, though the division was more or less arti- 
ficial in some places. 

Scapularis, from spine of scapula to crest on humerus, = 1°60. 

Acromialis (1°00), from acromion process, and where it should 
have arisen from the clavicle, was more or less fused with the clavicu- 
laris (1°85), which also arose from the acromion. The two latter 
became continuous with the triceps, about an inch from its insertion, 
there being no traceable connexion with the radius. A floating cla- 
vicle was developed in the substance of the clavicularis. 

Supra- and infra-spinati as usual; tendon of insertion of former was 
fibro-cartilaginous. Respective weights 7°36 and 5°65. 

Serratus magnus arose from upper ten ribs and formed one mass, 
not divisible into the three usual portions. Insertion was normal, 
but rather larger than usual, = 8°62. 

The spino-glenoid ligament consisted of two layers with fat between, 
attached posteriorly to the under surface of the acromion, internally 
and posteriorly to base of acromion, and anteriorly to the edge of the 
glenoid cavity, forming an arch corresponding to the neck of the sca- 
pula, beneath which passed the supra-scapular nerve. 

The biceps humeri (3°80) had only one head of origin from the 
scapula, immediately above the glenoid cavity, which pierced the cap- 
sular ligament, and united, at its insertion into the radius, with part 
of the tendon of the brachizeus. 

The brachivus (°62) arose from the greater part of the anterior 
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and inner surface of the humerus. The tendon of insertion was broad, 
and spht into three parts. 

The major was inserted into the anterior surface of the ulna, im- 
mediately underneath the origin of flexor profundus; 'the middle, 
small and round, into the anterior SLE 5 and the smallest, united 
with the biceps tendon. 

The triceps arose as usual by three heads, one scapular, and two hu- 
meral; between them the musculo-spiral nerve. Origin and insertion 
normal, the relation of the three heads was: longus, 10°50; externus, 
4:26; internus, *60. 

Anconeus internus, or epitrochleo-anconeus (Gruber) (05), was very 
distinct ; 1t arose from the inner condyle, crossed over the ulnar nerve, 
and was inserted into the olecranon process. It was about an inch in 
length. The externus was absent. 

The pronator radii teres (*35), normal. From the tendon of inser- 
tion, which was prolonged to within two inches of the end of the radius, 
a fine tendon was given off, which united with the palmar fascia. 

The flexor carpi radialis (-20), thin, fleshy belly; inserted into 
second metacarpal, giving off slips to the styloid process of radius, and 
the trapezium, as it passed through the groove. The membrane com- 
pleting the groove was very tough and strong. 

The palmaris longus (-75), very large, took the ordinary course of 
the flexor sublimis, which was quite rudimentary, weighing only (-01). 
The latter erose from the front of the tendon of the flexor profundus, 
dividing into three tendons, and also giving off a slip to the flexor pro- 
fundus. The three tendons went to the three middle digits of the 
manus, each of the three middle digits having thus two tendons, one 
from the palmaris longus, and one from the flexor sublimis. he fourth 
had only one, viz., from the palmaris longus. Opposite the metacarpo- 
phalangeal articulation the tendons united, sending off a process on 

each side. Insertion as usual. 

Flexor carpi ulnaris (‘70) arose by two heads, separated by the 
ulnar nerve. 

Flexor digitorum profundus (2°06) and flexor longus pollicis (15), 
which were intimately connected at their insertion, arose from radius, 
ulna, and interosseous membrane. The five tendons were united at the 
wrist, and passed to the five digits, being inserted into the last pha- 
langes. The flexor sublimis arose from the front of the united tendons 
before they passed under the annular ligament, which was very strong. 

The pronator quadratus (-16) extended up as far as the oblique 
ligament, which was placed lower than usual, about 13 inches below 
the tubercle of the radius. 

The supinator radii longus and extensor carpi radialis brevior were 
both absent. 

Extensor carpi radialis longior (-80), extensor carpi ulnaris (-28), 
and extensor ossis metacarpi pollicis (12) had all normal origins and 
insertions. 

Supinator radii breyis (-10), besides its usual radial insertion, had a 
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good many muscular fibres attached to the upper part of the interos- 
seous membrane. 

Extensor longus digitorum (*40) divided underneath annular liga- 
ment into four very thin weak tendons. 

The extensor minimi digiti (auricularis) (-10) was inserted into the 
dase of the second phalanx. of the fifth digit. Extensor minimi digiti 
tertii ((05) arose from upper fifth of radius and external lateral liga- 
ment, ran alongside the auricularis, passing through a separate com- 
partment of the annular ligament, and was inserted into the outer 
surface of the base of first phalanx of fifth digit. 

Extensor carpi ulnaris (-28) arose from upper third of posterior 
border of ulna. Extensor indicis et pollicis (-05), made up of the ex- 
tensor secundi internodii pollicis, and indicator, presented a rather 
remarkable arrangement. It arose fleshy by two heads—one from the 
external surface of ulna, one inch below olecranon, the other from the 
radius, above the superior radio-ulnar ligament; it then passed down- 
wards, and, on the dorsum of the manus, crossed beneath the tendons of 
the extensor longus digitorum, and was inserted into the base of the 
claw of pollux. The above arrangement was symmeinens 

Adductor minimi digiti (-08). 

There were four palmar interossel, wéeinw respectively °06; -05; 
°02; :01; the fourth corresponding to the interosseus of Henle in 
man. It arose from the deep palmar fascia, and was inserted into the 
dorsal aponeurosis of thumb. 

The four dorsal interossei weighed respectively -10; -05; -10; -05. 

The first palmar and first dorsal interossei were inserted in a 
peculiar manner, and the arrangement occurred on both sides. At- 
tached to the posterior end of the base of each claw were two elastic 
bands—one on each side—which extended to a tubercle on the head of 
the phalanx. Into these bands the tendons of the first dorsal and 
palmar interossel were attached, about the middle, seemingly acting 
as retractors of the claw. 

The palmar interossei being removed, a ligament was seen extend- 
ing from the carpus to the fourth metacarpal bone. It was attached 
to the carpus by three slips: the middle one continuous with the 
external retinaculum of the pisiform; the internal one attached to the 
head of the fifth metacarpal; and the external, to the unciform and os 
magnum, Its other end was inserted into the fourth metacarpal, about 
its centre. Opposite the carpo-metacarpal articulation, and for a short 
distance down the fourth metacarpal, it was free, not attached to the 
bone; but I could discover no structure passing underneath it. 

Tt was similar in every respect to a corresponding one in the pes. 

The same arrangement occurred in the other manus. 

The sartorius (5°21), broad and thin, covering the greater portion 
of the inside of the thigh, arose from the iliac spine and part of Pou- 
part’s ligament. Insertion into the lower surface of head of tibia. 

Psoas parvus and magnus and the ilacus (10-00); the two former 
arose together normally, after keeping together for about five inches 
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they separated; the parvus, being inserted by a very broad tendon into 
the magnus, joined with the iliacus, to be inserted into the lesser tro- 
chanter of the femur. 

Pectineus (°35), inserted into femur above and anterior to lesser 
trochanter. The adductores primus, secundus, a and £#, and tertius 
(17°5), were inseparably connected. 

The quadratus femoris ("55), large and strong, arose from the ex- 
ternal surface of the tuber ischul, and was inserted below the posterior 
extremity of the oblique line on the great trochanter. Obduratores 
externus (1°60) and internus (°88) were well marked and normal, the 
gemelli being closely connected with the latter. The tendon of the 
internus exhibited a beautiful arrangement; there were five primary 
tendons, each of which split into two, and some of these again subdi- 
vided. 

The agitator caude (2°40) arose broad and fleshy from the upper 
part of the ilium immediately behind the acetabulum, and {from the 
two anterior caudal vertebree, lying alongside of and slightly over- 
lapping vastus externus. After about eight inches it ended in a long 
and fine tendon, which passed beneath the vastus externus tendon, to 
be inserted, together with the rectus, into the anterior margin , of 
patella. 

Gluteus maximus (1°5), very small, was easily separable from the 
tensor vagine femoris; quadrilateral in shape. It arose from the pos- 
terior border of the ilium, and was inserted tendinous into the outer 
part of femur, below the great trochanter. 

The medius (5°72) and minimus ("50), quite separate, were normal. 
The quartus (40), really an easily separable anterior portion of the 
minimus. 

Quintus (-12) was also present, and symmetrical; it arose imme- 
diately in front of the acetabulum, and running downwards and back- 
wards was inserted into the commencement of the oblique line on the 
great trochanter. 

Pyriformis (°65), normal. 4 

The tensor vaginee femoris (3°90) (gluteus minimus of Cuvier) arose 
from the anterior fourth of the crest of the ium, and was inserted by 
means of the ilio-tibial hgament, which was very strongly marked, into 
the outer and back part of the tibia. 

The bicepsfemoris (10°03), the long headarising from the tuberischii, 
was spread out in a thin layer over the greater portion of the outer 
surtace of the thigh, partly overlapping the adductors. The femoral 
head arose from the junction of upper and middle thirds of posterior 
surface of femur ; it soon joined with the long head, to be inserted into 
the head of the fibula. 

Bicipiti accessorius, absent. 

Semimembranosus (13°30) and semitendinosus (4°70) arose by a 
common tendon from tuber ischil. Insertion as usual. 

The gracilis (5°00). Very broad thin layer spread over the pos- 
terior fold of the thigh, arising from greater part of symphysis pubis, 
and inserted by a very weak narrow tendon into upper part of tibia. 
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Rectus (4°60). The usual origin, by two heads, and insertion. 
Vastus externus (8°00) and vastus internus (4°67), normal. 

The crureus (8°35), almost inseparably connected with the vastus 
externus; in some places there was no natural division. 

The popliteus (‘65): sesamoid bone developed in tendon of origin ; 
the muscle, almost quadrilateral in form, occupied the upper third of 
tibia. 

The gastrocnemius externus and soleus, (3°67) and internus (1°87) 
had both a sesamoid bone developed in their tendons of origin. The 
soleus was inseparably connected with the former. 

Plantar#s (-02) arose from the outer condyle. It was inserted along 
with the gastrocnemius. 

Flexor longus digitorum and flexor hallucis longus (together 
= 2:07) were united in their whole extent. ‘They sent tendons to the 
five digits of the pes. 

The tendon only of the tibialis posticus was present, the muscular 
part was wanting; the tendon extended from immediately above the 
internal malleolus to the tuberosity of the scaphoid. 

Flexor brevis digitorum: scarcely any distinguishable muscular 
fibres about (-05). 

Accessorius flexori longo was absent. 

The tibialis anticus (1°30) arose from the upper part of the outer 
surface of the tibia, external tuberosity and corresponding part of in- 
terosseous membrane. There were very weak intermuscular septa. 
Insertion as usual into the first metatarsal bone. 

The extensor hallucis was inseparably connected with the extensor 
longus digitorum (1°50), at least as far as their muscular bellies 
were concerned, the tendons being quite distinct ; insertion normal. 

Peroneus quinti (-11), brevis (02), and longus (°40), as usual. 

Extensor brevis digitorum (12) was as usual. 

The muscles of the pes presented no features of interest. The 
dorsal and plantar interossei1 exhibited a curious relation to one 
another, the weights of the plantar being ‘07; -07; °06—the dorsal 
being -07; -08; 07; 07. On clearing off the muscles, a rather remark- 
able ligament, which I believe has not hitherto been noticed, was 
brought into view. It was about four inches long, rounded, white, and 
shining, attached at one end to the middle and external cuneiform bones, 
covering nearly the whole of their under surfaces, and at the other to the 
posterior half of the fourth metatarsal bone, covering its lower surface 
and part of its sides opposite the tarso- metatarsal : articulation ; and 
for about the posterior quarter inch of the second metatarsal bone it 
was free, smooth and round. JI could discover no trace of a nerve or 
artery passing between it and the bone; it was symmetrical. An 
analogous one was present in the manus. 
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Muscles of the Fore Limb. 


Clavicularis, 


< 
acromialis, 
\ Scapularis inferior, 


. Sterno-mastoid, 
. Cleido-mastoid, 


, Major, : 
Minor and occipital, 


. Teres major, 

. Teres minor, 

. Latissimus dorsi, 

. Subscapularis, 

. Pectoralis major, 

. Coraco-brachialis minor, 
. Deltoideus scapularis, 
. Deltoideus acromialis, 
. Deitoideus clavicularis, 
. Supraspinatus, 

. Infraspinatus, , 

. Serratus magnus, 

. Biceps humeri (scapularis), 
. Brachizeus, 

. Triceps longus, 

. Triceps internus, 

. Triceps externus, 

. Triceps accessorius, 

. Anconeus internus, 

. Pronator radii teres, . 
5. Flexor carpi radialis, 

. Palmaris longus, 

. Flexor carpi ulnaris, 


28. Flexor digitorum sublimis, 


. Flexor digitorum profundus, 

. Flexor pollicis longus, 

. Pronator quadratus, 

. Extensor carpi radialis longior, 
. Supinator radii brevis, 

. Extensor digitorum longus, 

. Auricularis, 

. Auricularis tertii, 

. Extensor carpi ulnaris, 

. Extensor ossis metacarpi pollicis, 
. Extensor pollicis et indicis, 

. Adductor minimi digiti, 


Avoirdupois Ounces. 


1:20 


Scapularis superior, and trachelo- 
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1, 2, 3, 4, Palmar interossei, 0°06, 0-05, 0 02, 0-01. 
i 2, 3, 4, Dorsal interossei, 0°10, 0°05, 0°10, 0:05. 
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Dhuscles of the Hind Limb. 


. Sartorius, 
. Psoas parvus, 


Psoas magnus, ) 
Ihacus, za} 
Pectineus, 


. Adductor primus, | 
. Adductor secundus, a, 

. Adductor secundus, f, \ ; 
. Adductor tertius, } 
-10. 
. Obdurator externus, 

. Obdurator internus, 

. Agitator caudee, 

. Pyriformis, 

. Gluteus maximus, 

. Gluteus medius, 

. Gluteus minimus, 

. Gluteus quartus, 

. Gluteus quintus, 

. Tensor vagine femoris, 

. Biceps femoris, 

. Semimembranosus, 

. Semitendinosus, 

. Gracilis, 

. Rectus femoris, 

. Vastus extermus, 

. Vastus internus, 

. Crureus, 

. Popliteus, 

. Gastrocnemius eins, | 

. Soleus, : : \ 

. Gastrocnemius internus, 

. Plantaris, 

. Flexor longus digitorum, ) 

. Flexor longus hallucis, § 

. Flexor digitorum brevis, 

. Tibialis anticus, ‘ 

. Extensor hallucis, ‘ } 
. Extensor digitorum longus, ) 
. Peroneus quinti, 

. Peroneus brevis, 

. Peroneus longus, 

. Extensor brevis digitorum, 


Quadratus femoris, 


1, 2, 3, Plantar interossei, 0°07, 0°07, 0:06. 
1,2,38 
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, 4, Dorsal interossei, 0° 07, 0:08, 0:07, 0:07. 
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TI1.—Ow a Series oF BASES DERIVED FROM PYyRROL, AND somE Compounns 
ALLIED TO THEM AND TO Mucic Acip. By Cuicuester A. Bett, M.B. 


[Read, January 22, 1877.] 


Snycz the discovery of pyrrol in coal-tar by Runge, and its subsequent 
isolation by Anderson from the destructive-distillation products of 
bones, few attempts seem to have been made to explain its chemical 
constitution, or to ascertain its relations with other substances. This 
is remarkable, because, for many reasons, its study is likely to prove 
of interest; and chiefly, indeed, because it is the simplest representa- 
tive of that large class of nitrogenous bodies whose chemical history 
was, until quite recently, enveloped in complete darkness, and is even 
yet by no means satisfactorily cleared up ; which form, as it were, the 
connecting link between the true ammonia bases on the one hand, and 
the hydrocyanic ethers or nitriles on the other, sharing as they do the 
basic characters of the first, and the active toxic and physiological 
properties of the second. TI allude to such bodies as conine, nicotine, the 
pyridine and chinoline series, ete. As an unstable body, also, pyrrol 
claims our attention, for it may be laid down as a rule in chemical 
research—at least so far as modern chemical doctrines are concerned— 
that the more prone to change any substance is, the more fruitful in 
theoretic results its examination is likely to prove. 

But while in itself pyrrol offers many points of interest to the 
scientific chemist, its importance has been much enhanced by the dis- 
covery, due to Malaguti and Schwanert,' that it and a closely-allied 
substance, the so-called carbo-pyrrol-amide, are the chief products ob- 
tained when the ammonia salt of mucic acid, an acid easily obtained 
by the oxidation of lactose (sugar of milk) or galactose, is exposed to 
a temperature above 220° C.; an importance which I venture to think 
is much heightened by the observation made by my friend Dr. Edwin 
Lapper and myself, that it is with still greater ease formed from 
the ammonia salt of the isomeric saccharic acid, the principal oxidation 
product of ordinary cane sugar, etc. The smoothness of the reaction 
by which it is in both cases produced leads to the suspicion that it is, 
in the true sense of the word, a decomposition-product of these salts, 
and hence that it is intimately connected with them by molecular 
relations. For these reasons I have undertaken the study of its 
metamorphoses, etc., and as the first-fruits of my researches I beg to 
lay before the Academy the results at which I have so far arrived. 

The reaction in virtue of which pyrrol is obtained from ammonium 
mucate is very simple, and may be thus represented :— 


Ammonium mucate.  Pyrrol. 


C,; iE (NH,)2 Og = C,H;N aR NH, ote 2C0, ar 4H,0. 


1<¢ Annalen der Chemie und der Pharmacie,”’ cxvi., 278. 
R. I. A, PROC., SER. II., VOL. I1].— SCIENCE. D 
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This is the final result; but at the same time there is formed, in 
considerable quantity, the so-called carbo-pyrrol-amide, of which pyrrol 
is usually regarded as a direct decomposition-product :-— 


Ammonium mucate. Carbo-pyzrol-amide. 


C,H, (NH). Os = C5H,N.O iF CO, aF 5H.0. 


We may then assume that, by the action of a molecule of nascent 
water on carbo-pyrrol-amide, pyrrol is formed. 


C;H,N.O + H,0 = C,H;N =r NH; 5 CO,. 


This view is borne out by the fact that if the amide be boiled with 
barium hydrate, ammonia is evolved, and the barium salt of the mono- 
basic carbo-pyrrolic acid is obtained in solution (Schwanert) : 


Carbo-pyrrolic acid. 


C;H,N20 + H.O = C,H,N (COOH) + NH;; 


which acid, at a temperature slightly above its fusing-point, splits up 
into pyrrol and carbonic anhydride, 


C,H.N (COOH) = C,H;N 25 CO,. 


This decomposition may be compared with those by which phenol 
is produced on heating salicylic and paraoxybenzoic acids; citra- 
conic and itaconic acids on heating aconitic acid, ete. Carbo-pyr- 
rolic acid may then be regarded as a carboxyl derivative of pyrrol: 
that is, as pyrrol in which the group COOH takes the place of an 
atom of hydrogen. 

Pyrrol is a colourless pleasantly-smelling liquid, boiling at 133° C. 
It dissolves, although slowly, in dilute mineral acids; but all attempts 
to obtain simple or double salts of it have failed. The free base, how- 
ever, gives with an alcoholic solution of mercuric chloride a semi- 
crystalline precipitate, C,H;N, 2HgCl., which may be compared with 
the precipitates produced by ammonia under the same circumstances. 

Pyrrol is an extremely unstable compound. Exposed to air, it soon 
becomes brown, and its solutions in acids decompose, slowly in the 
cold, rapidly on boiling, into ammonia and the so-called pyrrol-red, 
C,.H,,N,0 (Schwanert), C,.H,,O, (Limpricht). Other of its reactions 
will be alluded to farther on. 

Respecting its chemical constitution, Kekulé (‘‘ Lehrbuch der Che- 
mie,”’ vol. i1., p. 408) views it as an amine, one atom of hydrogen in am- 

C,H; 
monia being displaced by the radicle C,H;, thus, H N. Wichel- 
H 
haus,” however, has shown that this view is untenable, since it reacts 
neither with chloroform, with bisulphide of carbon, nor with ethyl 
iodide, with which reagents all primary amines combine energetically. 


* “ Berichte der deutschen Chemischen Gesellschaft,”’ ii. 
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Accordingly, Baeyer and Emmerling’? have proposed for it the consti- 
tutional formula 


H H 


) 
II 


| > NH, which is more in accordance with its chemical cha- 
C=C racters. 
ia] H 
Similar formule have been ascribed to pyridine and chinoline, in 
which the affinities of the nitrogen are supposed to be saturated by two 
carbon atoms, connected with each other through the intervention of 
other carbon atoms. 


Pyridine. Chinoline. 
H [pou lal 
C Cc C 

el i He C i 

| 
mee : He CH 

\// Wy 
N N C 

H 


The experiments which I have to describe, while they confirm the 
view that pyrrol is not a primary amine, lend considerable support 
to the ideas of Baeyer and Emmerling regarding its constitution. 

Experience having shown that an unstable body frequently 
acquires stability by the substitution of acid or alcoholic radicles for 
its displaceable hydrogen, my first efforts have been directed towards 
obtaining derivatives of pyrrol. Two experiments have already been 
made in this direction: one by Lubawin,* who made the interesting 
observation that potassium is capable of removing one atom of hydro- 
gen in pyrrol, and that the potassium-pyrrol, C,H,KN so formed, 
when treated with ethyl iodide, furnishes potassium iodide, and a liquid 
the analysis of which corresponds approximately to the formula of an 
ethyl-pyrrol C,H,(C,H;) N. This he describes as a liquid possessing 
a turpentine-like odour, which boils between 155° and 175° C. (!), and 
rapidly turns red on contact with air. He considers it probable that 
in these bodies the potassium, and consequently the ethyl, are substi- 
tuted for an atom of hydrogen in the hydrocarbon nucleus which 
may be assumed to exist in pyrrol regarded as an imide base 
(C,H,) NH. 

Kottnitz,’ on the other hand, by the dry distillation of the mucate 


3 “< Chemisches Centralblatt,”” 1870, p. 437. 
4“ Zeitschrift fur Chemie,” [2] v. 399. 
> * Journal fiir Prakt. Chemie,” [2] vi. 136-156. 
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of aniline obtained, besides the phenyl derivatives of mucamide, two 
bodies of neutral character, one of which he regards as phenyl-pyrrol 
C,H,(C;H;) N. The second, which is only formed in small quantity, 
corresponds to the formula C,,H,,N2. For this he proposes the consti- 


tutional formula C,H, <| . From toluidine mucate he obtained 


only the homologue of this latter substance, C,H,.N2, but no tolyl- 
pyrrol. In phenyl-pyrrol it is highly probable, from the nature of 
the reaction, that the group C,H; remains in connexion with the 
nitrogen, and Kottnitz argues, by analogy, that the same position must 
be assigned to the residue ethyl in Lubawin’s ethyl-pyrrol. That this 
cannot be the case will be rendered evident by the results of my expe- 
riments. 

The pian of procedure which I have adopted is essentially that of 
Kottnitz. Ihave, however, experimented in addition with secondary 
and tertiary monamines, in view of the possibility of obtaining di- and 
tri-derivatives of pyrrol. In this respect my expectations have not 
been fulfilled, and thus the view of Wichelhaus and of Baeyer and 
Emmerling, viz., that pyrrol does not contain the residue NH., has 
received strong confirmation. 1 have, however, succeeded in pro- 
ducing a series of bases derived from pyrrol, besides other allied bodies 
which have no analogues amongst those described by Kottnitz. 
These I proceed to describe. 


Distillation of Ethylammonium Mucate. 


This salt is easily formed by bringing together solutions of ethyl- 
amine and mucic acid in equivalent proportions. The acid is rapidly 
dissolved with development of heat, and on evaporation and slow 
cooling the mucate is obtained in large, transparent, slightly oblique, 
rhombic prisms, which are freely soluble in water, less so in alcohol. 
These appear to correspond to the formula C,;H,,O; . 2NH, (C,H;) 
+ 8 H,O. They effloresce on exposure to air, quickly losing the whole 
of their water of crystallization. If dried in the water bath, the salt 
experiences slight dissociation, some ethylia being given off. The 
same occurs when a concentrated solution of it is boiled. The crystals 
are, therefore, best dried 7 vacuo over sulphuric acid. When crystal- 
lized from water at a high temperature, or from strong alcohol, the 
salt is deposited in the anhydrous form. A determination of the 
ethylia evolved on heating the dried salt with caustic potash proved it 
to have the composition C,H,,0s, 2NH,C,H;. 

Exposed to heat, mucate of ethylia first melts, and then decom- 
poses with intumescence. To obtain its distillation-products direct 
heating over the lamp is not advisable. The operation is advan- 
tageously conducted in a long-bodied retort, or, better still, in a tall 
and thin-sided bottle, secured in a paraftin bath furnished with a 
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thermometer. The retort or bottle containing the thoroughly-dricd 
mucate is connected, the latter by means of a wide tube, with an effi- 
elent condenser, and the temperature of the bath gradually raiscd. 
At about 136° G. the salt shows signs of decomposition, while the dis- 
tillation proceeds rapidly, but not tumultuously, when the bath is 
heated to 190°C. If an ordinary retort be employed, it is almost im- 
possible to prevent the intumescent mass from frothing over. Water 
at first comes over, with ethylamine in abundance, while carbonic 
anhydride is the only gaseous product. After a time, minute oily 
drops, which gradually increase in bulk and number, appear in the 
condenser, and when the operation is ended, as indicated by the cessa- 
tion of the evolution of gas, the liquid in the receiver is found to 
consist of two layers—a lower watery one holding in solution carbon- 
ate of ethylium and free ethylia, and an upper oily stratum possessing 
an odour closely resembling that of pyrrol. To purify the latter, it is 
shaken up twice or thrice with its own bulk of water, and then with 
very dilute sulphuric acid, in order to remove the last traces of 
ethylia; again washed with potash solution and water, and finally 
dried over calcium chloride. Submitted to fractional distillation, if 
the material used in its preparation were perfectly pure, it commences 
to boil at a few degrees below 131°C., the thermometer rapidly rising 
to that temperature, at which it remains until about half the lquid 
in the retort has passed over. This is collected separately. On con- 
tinuing the heat the thermometer again quickly rises, until at 
269°-270° it becomes stationary. The distillate at this temperature 
solidifies in the condenser and tube of the retort. The products boil- 
ing at these two temperatures constitute almost the entire mass of oily 
distillate. 

When the bottle, or retort, in which the distillation has been con- 
ducted, is allowed to cool, it is found to contain a mass of crystals, 
saturated with an oily liquid identical with the high-boiling liquid 
previously obtained. The two substances may be easily separated by 
means of cold alcohol, in which the crystalline residue is very slightly 
soluble, while the oily liquid is miscible with it in all proportions. 
The solid is then repeatedly crystallized from boiling rectified spirit, 
when it is obtained in delicate needles, melting at 229°-230° C. (un- 
corrected). The cold alcoholic residue is evaporated on the water 
bath to remove the spirit, and may then be at once distilled, when it 
furnishes a large amount of the product boiling at 269°-270° C. It is 
better, however, to distil it by means of a current of steam from a re- 
tort placed in a paraffin bath heated to about 220°. The distillate 
then consists of a heavy oil, the high-boiling product in question, sur- 
mounted by a layer of water; from the latter, by shaking with ether, 
an additional quantity may be recovered. The collected products may 
be again distilled, and the portions coming over at about 270°C. 
induced to solidify by contact with one of the crystals first obtained. 

The three products resulting from an operation conducted as above 
were separately examined. 
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The liquid of low boiling point, after a few rectifications, distilled 
at 131°, and on analysis yielded the following results :— 


Experiment. Calculated for 

if 100 III. CiHs(C.Hs)N. 
Cy=7115:92 — St 2 ope eS 
Teh eer epee — +i fs ghinns he Eee 
N= — 14°58 14°69 205i) Ss 


That it was an ethyl-derivative of pyrrol is thus proved by its 
analysis, and the circumstances under which it was produced. 

Ethyl-pyrrol is a colourless liquid of sp. gr. *9042 at 10°C., -8936 at 
15° C. It possesses an odour closely resembling, but still distinguishable 
from that of pyrrol. Like that body, it is very sparingly soluble im cold 
water or in dilute acids, easily in concentrated hydrochloric, nitric, or 
acetic acids. Sulphuric acid also dissolves it, giving a dark-coloured 
solution which strikes a deep black with potassium bichromate. Its 
vapour, like that of pyrrol, colours fir-wood moistened with hydro- 
chloric acid an intense crimson. With alcoholic mercuric chloride it 
gives a white precipitate. Its alcoholic solution gives a dark colour 
with platinum tetrachloride, but no precipitate, even on standing for 
twenty-four hours (difference from pyrrol). 

By their behaviour with concentrated acids the two bases are 
strikingly distinguished. When pyrrol is boiled with strong hydro- 
chloric acid, it is converted in a few seconds into a jelly-like mass of 
_ pyrrol-red; whereas the ethyl-derivative may be boiled for some time 
with the concentrated acid, and afterwards, by dilution, precipitated 
unaltered. Both pyrrol and ethyl-pyrrol are oxydized with explosive 
violence on gentle warming with strong nitric acid; and in the cold 
the former is quickly converted into pyrrol-red.- But if ethyl-pyrrol 
be dissolved in a minimum of cold nitric acid, the mixture on standing 
for some time deposits a thick, oily liquid, which may be redissolved 
by a slight addition of acid, only to reappear soon. When freed from 
nitric acid and pyrrol, by washing with water, this liquid does not 
give the fir-wood reaction, either alone or when heated with potash. It 
is in all probability a nitro-derivative. I propose to examine it 
further. 

If bromine be added to ethyl-pyrrol or to its solution in ether, 
chloroform, acetic acid, etc., the mixture becomes black and tarry. 
giving off hydrobromic acid. But if a freshly-prepared and cooled 
solution of bromine in alcohol be cautiously added to an alcoholic 
solution of ethyl-pyrrol, at a certain point, the latter deposits erystals 
of a compound, melting about 90° C., quite soluble in water, and 
but sparingly taken up by strong spimit. It is probably an addition 
product; but I have not yet obtained it in sufficient quantity to 
examine it completely. Under no circumstances have I been able to 
obtain such a body from pyrrol. 

The liquid boiling at 269°-270°, when pure, solidifies slowly to a 
mass of long and thick prisms, which are more rapidly but not so 
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beautifully formed when a ready-formed crystal is introduced into it. 
But the presence of even very small quantities of foreign bodies 
suffices to retard the crystallization to an extraordinary degree, or 
even to hinder it altogether. In boiling water this substance is tole- 
rably soluble, and separates on cooling in the form of oily drops, 
which after some days solidify. It melts at 43°-44°C. when dry ; 
when moist, at a much lower temperature: wherefore it is necessary 
to avoid breathing on it or touching it with the fingers. 
Its analysis gave the following results :— 


Calculated for diethyl-carbo- 


Experiment. aaielLennie, 
C5Hy4 (C2H5)2N20. 
C = 64°56 : 5 B ‘ : 65:06 
Ei —llost, | : Sete: : ; 8°43 
ING—s16:68 < © : 5 ; : . 16°86 


It is without doubt a diethyl-derivative of Schwanert’s carbo- 
pyrrol-amide. Its formula may therefore be written :—C,H;(NC.H;) 
(CONHC,H;). It is a remarkably stable body. When pure it is 
quite permanent in air, and may be distilled unaltered. Its behaviour 
towards alkalies is peculiar. Prolonged boiling with aqueous potash 
or barium hydrate fails to affect it in the slightest degree, and even 
after boiling for hours with a large excess of alcoholie potash, nearly 
the whole of it may be recovered unaltered. Strong acids dissolve it 
easily, and yield it unchanged on dilution. The hydrochloric and 
acetic acid solutions may even be boiled without decomposition en- 
suing. 

The crystalline substance, sparingly soluble in cold alcohol, which 
is left in the retort when ethylammonium mucate is distilled, is dis- 
solved by concentrated acids, precipitated on dilution, and, in fact, 
presents all the characters of an amide. In water it is completely in- 
soluble. Analysis conducted to the formula C,.H,,N,0: 


Experiment. 
Calculated for 
I iat Ci2Hi9N302. 
C = Ole 60°51 . 3 s : ; 60°76 
H= 8-28 Sirol ‘ 5 : : 8°14 
N = 17:88 geome: , : : 4 17°72 


This peculiar body strongly resists decomposition. By careful 
heating it may be sublimed unaltered, and may be boiled with either 
aqueous or alcoholic potash, without suffering any change. Heated in 
a test-tube with soda-lime, it is partially decomposed, giving off ethyl- 
amine and a yapour which exhibits the fir-wood reaction, and is 
therefore, presumably, ethyl-pyrrol. 

The changes occurring then during the distillation of ethyl- 
ammonium mucate are the following; it will be convenient to 
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present mucic acid as the dicarboxyl derivative of a radicle 
C,H,0; :-— 
Ethyl-pyrrol. 
(1) ©,H,0,2COON (C,H;) H; = C.H,(GHL,) N + 2C0, + NH,C,H; 
+ 4H,0. 


Diethyl-carbo-pyrrol-amide. 
(2) C,H,0,2COON (C_.H;) Hi, => C;H,(C.H;).N2,0 =| CO, + 5H.0. 


In order to explain the formation of the third product, C,.H,,N;02, 
we must assume that a molecule of ethylia, liberated according to 
equation (1), enters into reaction with a molecule of unaltered 
mucate, forming water and the new body :— 


(3) C,H,0,2COON (C,H;) H; + N(C.H;) WH, = Ci2Hi,N;,0, + 6H,0. 


The quantity of this latter produced appears to increase with the 
purity and dryness of the salt operated on, and the slowness with 
which the distillation is conducted. The presence of even a small 
quantity of di- or tri-ethylamine prevents its appearance altogether. 
This is readily explained, since I have found that on heating a 
mixture of ethylium and dicthylium mucate, the base expelled in the 
free state consists chiefly of diethylia, which evidently could not 
enter into reaction (3). 

In fact, the yield of ethyl-pyrrol under these circumstances is 
considerably greater than when the pure primary amine is employed. 

In the case of a double salt of primary and secondary ethyl- 
ammonium, for example, the reaction appears to take place principally, 
though not quantitatively, according to the following equation :— 


(COON (C,H,)H; 


C,H,0, (COON (C,H,),H, 


= C,H,(C.H,)N +2CO, + N(C,H,),H + 4H,0. 


For the preparation of ethyl-pyrrol, then, the mixture of bases 
furnished by digesting ethyl-iodide with ammonia, after removal of 
the ammonia, may be used with advantage. 


The relations of the body C,.H,,N;0,2 will be discussed further on. 


Distillation of Methylammonium Mucate. 


This salt is also easily prepared by shaking up the requisite weight 
of mucic acid with a somewhat dilute methylamine solution. The 
mixture becomes warm, and if sufficient water is present the acid is 
completely dissolved. On evaporation the mucate is obtained in an- 
hydrous crystals. It is much less soluble than the corresponding 
ethylia salt, and may, with little loss, be crystallized from boiling 
water. Even boiling alcohol scarcely dissolves it. 

Exposed to a temperature of 180°-190° C. in the apparatus pre- 
viously described, it is decomposed with intumescence and evolution of 
carbonic anhydride, and the production of a mixed aqueous and oily 


4 
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distillate. The oily layer consists of methyl-pyrrol, holding in solution 
asmall quantity of dimethyl-carbo-pyrrol-amide. The two are easily 
separated from the thoroughly washed and dried mixture by fractional 
distillation. The greater part of the amide, however, remains in the 
decomposing-retort, and may be easily extracted by distillation at 
about 200° C. in a current of steam, when it comes over as a heavy oil, 
which soon solidifies. From the water which accompanies it, large 
and beautifully-formed crystals are deposited after it has remained 
undisturbed for a few days. 

If, after the second distillation is terminated, the black residue in 
the retort be treated with warm alcohol, it will be found to dissolve 


almost completely; the solution, on cooling, deposits small hard 
erystals, which may be the methyl analogue of the body C,,.H,,N3;O». 


All my efforts to obtain these crystals in a form suitable for analysis 
have as yet failed, and the smallness of their quantity has prevented 
me ascertaining their physical and chemical characters with exact- 
ness. 

Methyl-pyrrol is a colourless, mobile, and volatile liquid, of specific 
gravity -9203 at 10° C., and boiling point 112°-118° C.; the latter is 
20°-21° lower than that of pyrrol. On exposure to air it slowly 
becomes brown. Its odour recals at once those of pyrrol and of 


ethyl-pyrrol, but is distinguishable from both. With nitric acid, 


bromine, and other reagents, it behaves exactly like the latter. Its 


composition is clearly proved by the following analysis :— 


Experiment. Calculated for 


CH, (CHs) N. 
Oi ss 7G) a ‘ $ a 4 - 74:07 
TEL co, (CRO Mana eH ian ter aan 8°64 
INIT 2680. UR RAIE A OMI nO 2 Bs 


Dimethyl-carbo-pyrrol-amide is a crystalline body, melting at 
$9°_90° C., and boiling at about 260°C. In allits chemical characters 
it resembles the corresponding ethyl compound, exhibiting the same 
indifference towards strong acids and alkalies. It is, however, much 
more soluble in water, hot or cold. When caused to crystallize 
rapidly from its cold supersaturated solution it appears in thin glis- 
tening scales; but when it separates spontaneously it forms hard 
transparent massive prisms. Its analysis yielded the following re- 
sults :— 


E : t Calculated for 
xperiment. C;Ha (CHs3)2N20. 

C =60°62 . ‘ 6 3 3 s 60°87 

He 7:58 . : 3 . 3 ie2A: 


Ne 20,24": - : < 5 20°29. 


Its fusing point is intermediate between that of carbo-pyrrol-amide 
(173° C.) and that of diethyl-carbo-pyrrol-amide (44° C.). 
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Distillation of Amylammonium Mucate. 


Like its congeners, this salt is easily prepared by bringing togethcr 
an aqueous solution of amylamine® and mucic acid. On evaporation, 
it is obtained as a confusedly crystalline mass, exceedingly soluble in 
water and alcohol, and difficult to obtain in well-defined crystals. Ihave 
therefore not examined it particularly, but have submitted the salt, after 
thorough drying on the water bath, to distillation. This was conducted 
as already described, but towards the close of the operation the bath was 
allowed to attain a temperature of 200° C., although this was by no. 
means necessary for the decomposition, which took place between 160° 
and 180°. The distillate was chiefly water, holding in solution 
amylammonium carbonate, on the surface of which floated a small 
quantity of a very agreeably-smelling oil, which was separated, puri- 
fied, and dried, as described for ethyl-pyrrol. When distilled, it 
commenced to boil at 179° C.: the thermometer rose quickly to 
188° C., when nothing more came over. On cooling, the residue 
solidified. The liquid which passed over between 179°-188° C., after 
standing for some days, deposited a few needles, and on redistillation 
again gave a residue which solidified. To free it from this crystalline 
body the rectification had to be many times repeated. Finally I 
succeeded in isolating a colourless liquid, of a fragrant, but somewhat 
oppressive odour. Sp. gr. (at 16° C.), -8786. It boiled between 
180° C. and 184°. Analysis yielded results agreeing with the formula 
C,H,(C;H,,)N. 


Calculated for 


Experiment. iH (CsHu) N. 
(Oves 7hsseisha} ie : : : : é 78°83 
te yale 287. : a ae : 4 10°95. 


The yield from 25 grams. of amylamine (the quantity which I 
employed) only equalled | a few cubic centimeters. I did not, therefore, 
make a nitrogen determination, the nature of the hquid being already 
sufficiently established. It could be no other than amyl-pyrrol. In 
its reactions, so far as I have examined them, it resembles the methyl 
and ethyl derivatives. It is, however, nearly insoluble in water, and 
retains its freedom from colour for a long time. 
The residue from the distillation of the mucate consisted almost 
entirely of diamyl-carbo-pyrrol-amide, which was indeed by far the 
most abundant product. I did not examine it for the amyl analogue 


6 Amylamine may be most advantageously prepared by Wurtz’s process from. 
cyanate of silver and amyl iodide, since Grimm has taught us an easy and rapid 
method of procuring the latter. For the preparation of cy ranates, see a process which 
I have given (‘* Chemical New s,”’ vol. xxxii. p. 99). The formation of amyl cyanate 
and cyanurate (almost a quantitatiy e reaction) takes place in a few hours in sealed 
tubes at 160° C. I have also found that amyl bromide, contrary to what is usually 
stated, when digested with alcoholic ammonia for a couple of days at 100° Gs 
furnishes a considerable quantity of the primary amine. 
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of C,,H,,N;0,. Since, however, I found in the watery distillate an 
amount of amylia corresponding to the yield of amyl-pyrrol, I am 
perfectly satisfied that it was not formed. The amide is best extracted 
by distillation over the naked flame, the heat being removed as soon ag 
the drops which condense in the neck of the retort become highly 
coloured. The distillate quickly solidifies, and may be purified by 
erystallization from boiling 60 per cent. alcohol, time being always 
allowed for the oily drops which first separate to assume the solid 
form. Diamyl-carbo-pyrrol-amide is then obtained in long and deli- 
cate needles, ‘which melt at 77°C. It is still less easily attacked by 
alkalies than its methyl and ethyl analogues. Prolonged boiling with 
baryta water or with aqueous or alcoholic potash fails to alter it in the 
slightest degree; and even when distilled from soda lime, its very 
partial decomposition is only betrayed by the powerful odour of the 
amyl-pyrrol evolved. The greater part of it sublimes unchanged. 
Nevertheless, the following analyses leave no doubt as to its compo- 
sition :— 


Experiment. Caleulated for 
If Te 100, C5H4 (C5H11)2N202. 
C89, 12°19 = : . : : 72-0 
H= 10°66 - - 5 : : : 10-4 
Ns - — 11°02 KIL, 


The following reactions occur, then, during the dry distillation of 
amylammonium mucate. 
Amyl-pyrrol. 
(1) C,H,0,2COON (C;H,,) H;= C,H,(C;Hy,) N + 2CO, + (C;Hi,) HN 
+ 4H.0. 


* Diamyl-carbo-pyrrol-amide. 


(2) ,H,0,2COON (C;Hy)H, = C;H,(C;H,,).N,0 + CO, + 5H,0. 


Experiments which I have made with the mucate of phenylene- 
diamine (meta), owing probably to the easy alterability of the products, 
haye as yet led to no definite results. In a future communication I 
hope to describe experiments with the salts of allylamine, naphthyl- 
amine, and ethylene- and pienylene-diamines. 


Having established the fact that by distillation of the mucates of 
primary amines we obtain mono-derivatives of pyrrol, it seemed next 
of interest to ascertain whether the secondary amines would, under 
similar circumstances, give rise to twice substituted derivatives. If 
pyrrol were an amine of the form (C,H;)H.N, as Schiff and Kekulé 
originally surmised, we might expect to obtain such derivatives; but 
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they are theoretically impossible if its constitution is truly represented 
Teh) ial 
ce 
by the formula ( NH. 
ee 


i #H 
As will be seen, I have not obtained them; and this fact, I think, 
tends to confirm the theory of Baeyer. I have experimented with the 
mucates of diethyl and diamyl-amine. 


Distillation of Diethylammonium Mucate. 


This salt is obtained by dissolving mucic acid in solution of diethyl- 
amine, evaporating and crystallizing. It contains water, and is 
extremely soluble both in that liquid and in alcohol. When heated 
in the paraftin bath it decomposed with intumescence and evolution of 
carbonic anhydride, like the primary salt, but at a somewhat lower 
temperature. The distillate, as before, was a watery solution of 
<iethylammonium carbonate, on the surface of which floated a small 
quantity of an oily liquid, possessing the odour, boiling point, and 
other characters of ethyl-pyrrol. This was evidently due to the pre- 
sence of some primary amine in the diethylamine used.’ 

The retort residue was a black, carbonaceous mass, burning with 
flame, from which neither by solvents nor by further heating. could 
anything suitable for analysis be extracted. 


+ Distillation of Diamylammonium Mucate. 


Easily formed by the direct union of diamylamine* and mucic 
acid. The resulting compound is freely soluble in water and 
alcohol. The distillation, which was slowly conducted over the naked 
flame, in every respect resembled that of the preceding salt. Owing 


7 The diethylamine was prepared from diethyloxamic ether, boiling within a 
few degrees of 264°C. As obtained in the separation of the ammonia bases by 
oxalic ether, it is impossible (at least on the small scale) to separate it from simul- 
taneously-formed monoethyloxamic ether (Wallach). Hence the presence of 
ethylia in the diethylia extracted from it by caustic potash. Baeyer (‘‘ Berichte,” 
vii. 963) has now shown that by the action of caustic soda on nitroso- diethy]- 
aniline and nitroso-dimethyl-aniline, dimethylamine and diethylamine may be 
obtained in a state of absolute purity. But as this method, the only really satis- 
factory one, is somewhat costly, I propose to separate the primary and secondary 
bases by the distillation of their mucates. If the quantity of primary base be 
small, the secondary base will alone be liberated in the free state. Iam not, how- 
ever, prepared with analytical proofs. 

8 Diamylamine is usually stated, on the authority of its discoverer, Hofmann, 
to boil at 170°C. I have found, howev er, that it (that is, the variety prepared 
from ordinary amylic alcohol) boils at 185°-187° That which I employed in these 
experiments boiled within a few degrees of this temperature, and yet evidently con- 
tained much amylamine (B.P. 95° C. ). Iam convinced that the complete separa- 
tion of the primary, secondary, and tertiary amylamines by fractional distillation is 
as little feasible as that of the ethyl bases by the same process. 
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to the very sparing solubility of diamylamine in water, the greater 
part of it formed a layer on the top of the distillate. This layer 
included a not inconsiderable quantity of amyl-pyrrol and of diamyl- 
carbo-pyrrol-amide, no doubt due to the presence of amylamine in the 
salt operated upon. They were easily detected and isolated, when the 
diamylamine was converted into hydrochlorate. The retort-residue 
presented the appearance previously described. 


Distillation of Triethylammonium Mucate. 


Although in view of the results obtained with the secondary 
-amines little could be expected from the experiment, I have never- 
theless, for the sake of completeness, executed it. 

Triethylamine combines with mucic acid to form an extremely 
soluble compound, which crystallizes in long prisms. On heating a 
strong solution of the salt it undergoes dissociation (decomposition ?), 
triethylamine being given off, while the liquid becomes strongly acid. 
When distilled in the paraffin bath this salt also decomposed at about 
170°, the sole products being a carbonaceous residue, as before, and a 
clear solution of triethylia carbonate, on the surface of which floated 
some free triethylia. The residue, which resembled in appearance 
and properties those previously obtaimed, was not minutely examined. 


It is now clear that the primary amine salts of mucic acid are alone 
capable of furnishing by distillation derivatives of pyrrol. The fact 
that these derivatives are generated at a lower temperature, and with | 
fewer secondary products, than pyrrol itself from ammonium mucate, 
strengthens us, I think, in the conviction that the group C,H,, exist- 
ing in them, must in some way form the base on which the molecules 
of mucic acid, galactose, and possibly of many other sugars, are con- 
structed. 

It is quite evident that the methyl, ethyl, and amyl groups in these 
derivatives must stand in direct connexion with the nitrogen. In fact 
the bases of this series cannot be regarded as true homologues of 
pyrrol, since the fatty radicles are simply introduced into the lateral 
chain = NH, and not into the hydrocarbon nucleus. In this respect 
it is interesting to contrast their boiling points and other physical 
properties. It will be observed that the introduction of the methyl 
group into the pyrrol molecule at once lowers the boiling point about 
21°, instead of raising it; but that, starting from methyl-pyrrol, the 
boiling points exhibit approximately the common difference of 19° 
for each addition of CH). 


Boiling Points. Difference from preceding Term. 
Byrtol; yo) = Lode _ 
Methyl-pyrrol, 112-—1138° — 20° to — 21° 
Ethyl-pyrrol, . 131 + 18 to+19 


Amyl-pyrrol, . 180-184 ap dhl 83) Ch joe 


46 Proceedings of the Royal Irish Acadeny. 


The above boiling points are uncorrected. In the case of amyl- 
pyrrol, since the quantity of liquid was small, and the thermometer by 
no means all that could be desired, the correction to be applied would 
in all probability amount to five or six degrees, which would bring its 
boiling point into still closer conformity with Kopp’s law. 

On the other hand, the ethyl-pyrrol obtained by the action of 
ethyl iodide on potassium-pyrrol is stated by Lubawin, its discoverer, 
to boil between 155° and 175° C. From the description given of it, 
the compound was manifestly in an impure state ; but if obtaimed free 
from foreign matter it would, no doubt, be found to have the boiling 
point 18383+19x2=171°C. It is, im short, a true homologue of 
pyrrol. The isomerism of these two ethyl-derivatives may be ex- 
plained by the following constitutional schemes : 


Pyrrol. Ethyl-pyrrol (Lubawin). Ethyl-pyrrol. 
(C,H,)=N (C,H, (C,H;))=NH (CH,)=N (GE). 


We may, I think, reject as disproved the surmise of Kottnitz, 
that in Lubawin’s ethyl-pyrrol the ethyl is united to the nitrogen. 

If these formule are correct, it should be possible to substitute in 
the compound C,H,N (C.H;), by Lubawin’s process, an ethyl group 
for one of the nuclear atoms of hydrogen, and so to arrive at the base 
©,H;(C,H;) NC.H;. I have, in fact, observed that potassium acts on 
ethyl-pyrrol, evolving hydrogen: but the action is extremely slow, 
whereas pyrrol is violently attacked by the metal. The slight 
action in the former case may, possibly, be due to the presence of im- 
purities. On this point I cannot at present speak with certainty, the 
quantity of liquid in my possession not permitting of a satisfactory 
solution of it. 

In planning methods for obtaining derivatives of pyrrol, it must be 
borne in mind that the two ethyl compounds just mentioned by no 
means represent all the different modes of substitution of which the 
pyrrol molecule is theoretically susceptible. If we apply here the 
beautiful ideas of Kekulé on the isomerism of benzol derivatives, it 
will be evident, pre-supposing the correctness of Baeyer’s formula, 
that the introduction into the molecule of any given radicle might 
give rise to three isomeric bodies, accordingly as it displaced what 
we may call the imidic hydrogen, or one of either of the pairs of 
hydrogen atoms adjacent to, and remote from, the nitrogen. Here we 
have indicated the existence of a large number of derivatives, some of 
which may yet prove of therapeutic importance. From experiments 
on which I am at present engaged, in conjunction with my friend Dr. 
Lapper, it is evident that the toxic properties of pyrrol, which are 
powerful, are modified in an interesting manner by the substitution of 
alcoholic groups for its imidic hydrogen. So far our results afford a 
striking parallel to the interesting observations of Crum-Brown on the 
physiological action of strychnia and aconitia, and their derivatives. 
Our experiments shall form the subject of a future communication. 
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What the precise nature of the relationship which subsists between 
pyrrol and mucate of ammonia may be, is still obscure. Nevertheless, 
I think the existence of the compound C,.H,,N3;02 is calculated to 
throw some light upon it. Since this body on heating with alkalies 
evolves ethyl-pyrrol, we must assume the pyrrol nucleus to exist in it 
already formed. Its constitution is then most easily explained, if we 
assume that it differs from diethyl-carbo-pyrrol-amide in containing the 
eroup (CONHC.H;) twice instead of once. 


Ethyl-pyrrol. | Diethyl-carbo-pyrrol-amide. New body. 
C,Hy N(C2H;)  CsH3 (CONHC2H;) N (C2Hs) CxHz (CONHO2H;)2 N (C2Hs); 


and since this view is quite in accordance with its chemical behaviour, 
I propose for it, provisionally, the name triethyl-dicarbo-pyrrol-amide. 
Further researches are needed before we can regard this relationship 
as definitely established; but I think I can show that at least great 
probability is lent to it, when we collect the results of certain isolated 
experiments on mucic acid, and endeavour to fit them together. 

Fittig,® by the prolonged action of hydrobromic acid on mucic acid 
in sealed tubes at 100° C., has obtained a bibasic acid which he terms 
dehydromucic acid, and which bears to mucic acid the relation of an 
anhydride :— 

C,Hi.0; — 3H,0 = C,.H,0;. 

The basicity of this acid compels us to write its formula C,H,O 
(COOH),, which formula is, moreover, in perfect accord with its be- 
haviour when heated. When its temperature is rapidly raised it breaks 
up at once, and quantitatively, into the monobasic pyromucic acid and 
free carbonic anhydride, 


C,H,0 (COOH), = C,H,0 (COOH) + CO,. 

Some years ago, now, Limpricht” showed that when this latter 
(pyromucic) acid (which may also be obtained directly by heating 
mucic acid) is heated with soda-lime, it again parts with CO,, and 
yields a very volatile liquid, C,H,O, to which the inapt name ¢etra- 
phenol has been applied. 


, C,H,0 (COOH) = C,H,0 + CO,. 


The characters of this body are such as to show clearly that it does 
not contain the grouping OH at all; that it is, in fact, neither an 
alcohol nor a phenol. Limpricht, therefore, assigns to it the formula 


H 

120 = 

=i a Pyromucic acid is then a mono-carboxyl, and Fittig’s 
H 


acid a di-carboxyl-derivative of this tetraphenol. 


9“ Berichte der deutschen Chemischen Gesellschaft,’’ 1x. 1198. 
10“ Annalen der Chemie und der Pharmacie,” band clxy., 253. 
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H 
1S G 
Do a Tetraphenol. 
15 =O 
lal 
COOH 
| 
HOS 
| SO =  Pyromucic acid. 
HCC 
H 
COOH 
| 
HCC 
| >SO = — Dehydromucic (Fittig’s) acid. 
IC iC} 
| 
COOH 


If we now, employing Baeyer’s formula for pyrrol, write the three 
ethyl derivatives, on the view stated above, the relation between them 
and the tetraphenol derivatives is at once apparent : 


H 
HC=C 
| SN (C.H;) = Ethyl-pyrrol. 
C=C 


H 
CONH (C.H;) 


JG awe 
>N (C.H;) = Diethyl-carbo-pyrrol-amide. 
HC =C 


H 
CONH (C;H;) 


C=C 
pea (C.H;) = Triethyl-carbo-pyrrol-amide. 


| 
CONH (C,H) 


We have now got the clue to the mechanism of the reactions by 
which these bodies are obtained from mucic acid. Crum-Brown and 
Limpricht have both obtained from mucic acid bodies whose formation 
can only be accounted for on the hypothesis that it (mucic acid) is a 
derivative of normal adipic acid, the oxidation product of normal 
hexane, Cs Hy. It must then have the constitution— 
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four of the carbon affinities, represented as unsaturated in the diagram, 
being satisfied by hydrogen, the remaining four by hydroxyl (OH) 
groups. Of the exact arrangement of these hydroxyl groups we know 
nothing, but since saccharic acid is with still greater certainty a deri- 
vative of normal hexane, it is probably their position which determines 
the isomerism of the two acids, and consequently of galactose and 
glucose. 

To explain the genesis of tetraphenol and pyrrol we need for 
the present only consider the OH groups connected with the carbon 
atoms which lie next the carboxyl groups. These may be supposed to 
enter into reaction as follows :— 


Tetraphenol fragment. 


eOH),. .=0 
Al) 0-9, 0 (1) 
CKO) a, = C 
Ethyl-pyrrol fragment. 
- ( (OH) a6 
= ( (OH) =¢ 
| 


Tf in reaction (1) one COOH group persists, we get pyromucic 
acid ; if both remain, dehydromucic acid is the result. Similarly, if 
in reaction (2) one COOH group persists, becoming amidated 
(CONHC.H;), we get diethyl-carbo-pyrrol-amide; if both, we get 
the triethyl-dicarbo-pyrrol-amide. 

A little consideration will show how the remaining hydroxyl 
groups could be eliminated from mucic acid, whatever their arrange- 
ment may be. 

It should be observed that Fittig doubts the connexion of mucic 
acid with normal adipic acid. But even if it should be shown that 
one or both of the COOH groups exist as lateral and not as terminal 
chains, the above explanation will remain, in principle, unaltered. 

This would also be the case if it should be found that mucie acid 
is a derivative of the group— 


—C-C- and pyrrol of the form C-C 
[AN eeL 
SiG0)2 C-C 
bys, fi H 4, 


which is by no means impossible. 
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IV.—On Gracrarron py Sea Ice, By Epwarp L. Moss, M.D. R.N., 
late Surgeon H.M.S. ‘ Alert.” 


[Read, January 22, 1877.] 


Tue existence of a glacier implies the co-existence of so many related 
phenomena, that the integrity of the evidence adduced in proof of it 
becomes of proportionate importance. 

Rounding and furrowing of rock surfaces are amongst the most 
familiar and characteristic records left by the flow of a glacier, and 
much attention has naturally been directed to the possibility of simi- 
lar markings being produced by other causes. 

Apart from the planing and striating resulting from agencies 
unconnected with ice action, and narrowing the subject to the effects 
of ice alone, it has been very generally admitted that either icebergs, 
sea ice, or river ice are, under favourable circumstances, capable of 
rounding off rocks into the ‘‘roches moutonnés.”” On the other hand, 
much has been written both to prove and to disprove the production 
of glacial scratchings by such agencies. 

So long ago as 1847, Forchhammer, writing of the scratched and 
polished rock surfaces in Denmark, pointed out that sea ice occasion- 
ally forced on shore by strong gales carried boulders and debris with 
it, and could hardly fail to striate the rocks over which it passed. 
Since that time Sir Charles Lyell has referred certain markings found 
by him in the Bay of Fundy to such action, and Dr. Robert Brown, 
and Mr. Campbell have dwelt on the probability of its occurrence. 

The shore of the Polar Sea in north latitude 82°27, where H. M.S. 
Alert passed the winter of 1875-76, is everywhere lined with a barrier 
reef of ice masses broken off from the floes and grounded along the 
beach in from five to fifteen or more fathoms of water. The ice thus 
grounded slowly wastes summer after summer from cubical into con- 
ical and ‘‘mushroom” shapes, and as it wastes it gets forced further 
and further towards the ice foot by the incalculably great pressure 
of the Polar pack. It occasionally happens that such masses, during 
the rough handling they are subjected to every year in the brief dis- 
ruption of summer, or during the five months in which the floating 
floes retain some motion, get overturned and thus expose the under 
surfaces which had lain in contact with the bottom. 

Specimens of two such surfaces existed in the immediate neigh- 
bourhood of H. M.S. Alert as she lay frozen in her winter quarters. 
One of them formed the side of an ice cave under a large floeberg 
half a mile astern of the ship. The ice of the surface which had 
rested against the bottom was easily distinguished from the clear blue 
ice round it by the dark colour caused by the mud and fine sand 
it contained, and every part of it was chiselled into deep and well- 
marked parallel grooves and ridges, such as, had they existed in rock 


ind 
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instead of ice, would have been considered an excellent example of 
glacier scoring. 

An equally well-grooved ice mass lay frozen into the new floe about 
seventy yards from our ship’s bows and close to the ice-foot. In this 
instance the grounded floeberg had been all but completely overturned. 
Three-fourths of the surface exposed above the floe was of clear blue- 
green ice, worn into the blunt mammillary elevations usual on the under 
side of old floating ice. The remaining fourth, a space of twenty feet 
wide by six deep, was, as in the former case, black with mud, present- 
ing indeed a surface not unlike black marble, and was im every part 
covered by three sets of well-polished parallel grooves—some of them 
as much as fourteen inches from ridge to ridge. 

Two sets of the grooves were almost in the same direction, and 
passed uninterruptedly across the whole width of the ice. The third 
existed at one end only, and crossed both the others at an angle of 20°. 
I have no theory to offer as to the source from which the grooving 
motion was derived: it was evidently continuous; nothing else could 
produce such regular grooving twenty feet long, 

Ifthe scratching and furrowing had been confined to the ice alone, 
no proof of actual abrasion would have been forthcoming; and I would 
have been obliged to refer you for illustration to an excellent photograph 
taken for the purpose by Mr. White, an officer of H. M. 8, Alert, but 
which I have been unable to obtain in time for exhibition here, from 
the London Stereoscopic Company, in whose hands the negative was 
placed by the Admiralty. 

The scratchings, however, were not confined to the ice alone, but 
passed continuously across the surfaces of a number of stones firmly 
imbedded in the ice and projecting from it in proportion to their hard- 
ness. These were chipped out, and I have now the pleasure of exhibit- 
ing them. You will observe that several of them show grooves and 
scratches, which, if their true source had not been known, would have 
been considered the unmistakable handiwork of a glacier. 

In order to avoid any doubt as to the pelagic character of the ice, 
its chlorine was estimated, and its least salt part was found to contain 
0-101 per cent.—a quantity altogether beyond the limits of land ice, 
and close to the average of the Polar floes around it. 


Cy 
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V.—Reports From tae Cuemicat Lasorarory or Trinity CoLiece,. 
Dustin. By J. Everson Rernoxps, M. D., Professor of Chemistry, 
University of Dublin. 


No. 2.—On tHE Composition or LIEvVRITE, AS DETERMINED By Mr. 
EARLy’s METHOD. 


[Read, January 22, 1877.] 


Or the several methods which have been devised for the analysis of 
ferroso-ferric silicates, that which has been published by Mr. William 
Early,' Demonstrator of Chemistry in this laboratory, is probably the 
most easily managed. The advantages attending its use are chiefly 
felt in analyzing silicates, which are either insoluble in, or attacked 
with difficulty by, the ordinary acids; but it can also be used with 
great convenience in the analysis of silicate easily acted upon by 
acids. 

Lievrite is a silicate belonging to the latter class; and as the 
formula of the mineral is by no means definitely fixed, I requested 
Mr. Early to analyze by his method a portion of a particularly fine 
crystal which I obtained some time ago from the well-known Elba 
locality, our chief aim being to determine with precision the relative 
amounts to ferrous and ferric compounds present in the specimen. 

The analysis was conducted in the following manner :— 

1:54 grm. of the finely and recently powdered mineral was 
mixed with 20 cubic centims. of hydrofluoric acid (containing 20 per 
cent. of real acid); and the mixture was boiled for five minutes in a 
deep platinum crucible with a rather loosely fitting cover. 10 cubic 
centims., of diluted sulphuric acid (1 part to 2 of water) were then 
added, and the, boiling continued fora few minutes. The contents of 
the crucible were, then washed into a flask with air-free water, and 
the, amount of iron in the ferrous condition determined as rapidly as 
possible, by standard potassic permanganate solution. Another quan- 
tity; of the ‘mineral. was acted upon by strong hydrochloric acid; 
perfect decomposition was effected, and a gelatinous mass formed; the 
product was evaporated to dryness, and the silica separated in the 
usual way. The acid filtrate from the insoluble silica was then 
saturated with chlorine gas, and ammonia afterwards added in 
slight excess; the mixture produced was then boiled in a closely 
covered beaker in order to remove the excess of ammonia, the solu- 
tion rapidly filtered, and the precipitate collected and ignited with 
the usual precautions and weighed. The product contained all the 
iron as ferric oxide, the alumina, the manganese as Mn, Oy, and a 
trace of silica. The silica was separated from this mixture by 
hydrochloric acid; and the filtrate was subjected to the double 


1“ Chemical News’’ for October 9th, 1874. 
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treatment with pure caustic soda for the separation of alumina. The 
iron and manganese were then separated by the baric-carbonate method. 
From the weight of iron thus found, that previously ascertained to be 
present in the ferrous state was deducted ; the difference represented 
the weight of metal in the ferric condition. ‘The filtrate from the first 
precipitate caused by ammonia had the calcium separated from it as 
oxalate, and the latter was determined in the usual way. The filtrate 
from the calcium precipitate was then evaporated to dryness, and the 
residue heated to expel ammoniacal salts; the product of this treat- 
ment was dissolved with the aid of a few drops of hydrochloric acid, 
the magnesium separated by means of baric hydrate and estimated, 
while the alkalies in the filtrate were converted into chlorides and 
weighed, and the potassium separated by platinic chloride. No trace 
of lithium was detected in the mineral. 

2°841 grms. of the freshly powdered and unaltered mineral were 
heated gradually to redness in a hard glass tube connected with a 
weighed chloride-of-calcium tube; a current of dry air was at the same 
time slowly drawn through the apparatus. The water collected 
weighed -012 grm. ="422 per cent. only. 

The percentage composition of the specimen analyzed by Mr. Early 
may be thus stated, when the metallic and other components are calcu- 
lated as oxides :-— 


SHO): “ceo. GE Acts Se mete ee: + os VOXG ORs 
Be O Ries ie cues ois SS 
SSH OUST ape te Oe Re Wem © ie. 8 OAT ING} 
MnO Bch ee Mee a Ciech een 3°02 
(CHAO) ARG Miia earluccnn Beet Navid iba AA SESSA 
MeO EN en. beat Woon cee ee OOO) 
WAS Oe De) Sas not yinee ee eee mee OSS O 
IKE Oran ce Mint, narkte es Meat 7 emmer()o) () 
INGO pos ieee Once a neenen = OD QONS) 
H,O sib edhe, idle tok og Weer Remens Ogcbos 

100°22 


These data, when discussed in the usual way, give the following 
ratios :— 


Sid, . = 0°4983 = 3°85 = 4-00, 
ROS 5 3s CON aa Roe 
SO ewe = 071994 100 —aI-04%- 


or 


R,0;, 6 RO, 4 SiO., 


where 6RO=4(Fe,.Mn)O + 2CaO nearly, neglecting the small 
amount of alkalies. 

_As the water present in the particularly pure specimen of the 
mineral analyzed did not reach 0-5 per cent., it is difficult to admit, 
with Stadeler, that it enters into the molecule of the compound; I 
therefore prefer to regard Lievrite as an anhydrous silicate. 
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Mr. Early’s analysis of the mineral agrees in all essential particu- 
lars with those of Kammelsberg and von Kobell, though both those 
distinguished observers found slightly more iron in the ferric con- 
dition. A comparison of the analyses of different specimens of Liey- 
rite by Rammelsberg, von Kobell, Stiideler,? and Early prove that 
there is little variation in the proportion of Fe to Fe’; I am there- 
fore disposed to regard the former as an essential constituent of the 
mineral, rather than as a product of the oxidation of a calcio-ferrous 
silicate. That the mineral oxidizes in time there can be no doubt; 
but I have had a number of specimens of Lievrite under observation 
for nearly ten years, and though two of them were placed in a rather 
damp case, they suffered comparatively slight superficial oxidation. 

If, then, we admit that Lievrite is essentially a dicalcic-ferroso- 
ferric silicate, we can assign to it the following symmetrical formula : 


0 0 
Fe’ Si-0 0-81 “Fe” 
vA I —— 
OES N J Oe 
| 4 
Ca” (Fevto)¥ Ca” 
| / . l 
O A S O 
O SX O 
Fe!” Ne \0_Si7 5 Ste? 
Sey ~o7% 


This formula has at least the merit of indicating that the function 
of the ferric group is probably one of considerable importance, and 
that, so far from being regarded as an accidental constituent of the 
mineral, it ought to’ be considered one of the most important com- 
ponents of the molecule of the compound. 


* See Dana’s “‘ System of Mineralogy,”’ 5th edition, p. 296. 
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V1I.—On Experiments To DETERMINE THE INFLUENCE OF THE MOLECULAR 
ConpitIon or Fiumps on THEIR Motion wHEN IN Roratron, AND IN 
Contact wirn Sorms. Report, Part I. By Henry Hennessy, 
F.R.S., M. R. I. A., Professor of Applied Mathematics in the 
Royal College of Science for Ireland. 


[Read, February 12, 1877.] 


OpsERVATION and experiment have long since completely established 
that no fluid can be considered as strictly exhibiting the physical pro- 
perties of the ideal substance commonly defined in almost all treatises 
and class-books on hydro-mechanics as a perfect fluid. 

In a perfect fluid, the particles are supposed to be free to move 
among each other by the smallest application of force—in other 
words, they are supposed to be absolutely smooth, and totally des- 
titute of cohesion. With such qualities, their motions would be 
tree from friction amongst themselves, and almost free from friction 
when in contact with many solid substances. The practical experience 
of hydraulic engineers has long since clearly shown, that the flow of 
liquids is accompanied with very notable resistances, which observers 
attributed to the friction of the liquids against the surfaces of the 
vessels and pipes in which they were moving. More recently, mathe- 
maticians and physical inquirers have been led to recognise a kind of 
resistance to the motion of fluids depending entirely on the molecular 
properties of the fluids themselves, and to this kind of resistance the 
name internal friction has been generally applied. If this term is to 
continue in use, it appears to me that care should be taken to clearly 
discriminate between this kind of resistance to motion and that of 
friction, as it is commonly understood between solid bodies. If two 
perfectly smooth surfaces of solids of the same form and molecular char- 
acter are in close contact, as, for instance, two sheets of glass, such 
great resistance to the motion of one upon the other exists, that 
portions of them are liable to shear away. The resistance to motion 
in this case is almost entirely due to cohesion. If two dissimilarly 
constituted substances be moved in contact, experience shows that 
when they are very smooth the motion meets with little resistance, but 
when they are rough, the resistance may he very considerable. In 
the latter case work must be expended in causing the asperities of one 
surface to surmount or rub away the asperities of the other, and 
hence, in some languages, friction is spoken of as synonymous with 
attrition. We possess no evidence for assuming that such conditions 
exist between the particles of a fluid as to justify us in classifying the 
internal resistance to its motion as identical with this kind of force. 
If we reflect on the phenomena of the molecular statics of liquids pre- 
sented in the well-known phenomena of capillary attraction, and in 
the admirable researches of Plateau on masses of liquid free from the 
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action of gravity, we must conclude that, although the intermobility of 
the molecules is the fundamental property of all liquids, this property 
is accompanied by a considerable amount of cohesion. When liquids 
possess cohesion in a high degree, they are said to be viscid. As far 
as my observations have gone, I have been led to conclude that the 
resistance to liquid motion, designated as internal friction, arises 
almost entirely from cohesion of their particles, and that it might be 
more simply and more correctly called viseidity.' 

The paramount influence exercised by the motions of fluids in 
many of the most remarkable phenomena of nature has long since in- 
duced observers to undertake experimental researches with reference 
to the resistances of fluids. Coulomb? was the first who made syste- 
matic experiments with a view to elucidate the influence of cohesion 
on the resistance of fluids. His researches appear to me to have been 
chiefly directed to the examination of the resistances experienced 
between the surface of a moving solid and a fluid in contact. Similar 
experiments have been more recently performed by Meyer.*? Helm- 
holtz* and Pietrowzki have carried on experiments with a notably 
modified method. 

In the two first of these inquiries the experiments were conducted 
by causing a solid horizontal circular disk immersed in the fluid to 
undergo periodical oscillations around a vertical axis. In the third, the 
fluid was included in a solid globe, which was subjected to periodic 
oscillations. In order to deduce from the facts of observation in these 
cases any results as to the external or internal resistance of the fluids, 
elaborate mathematical theories are indispensable. In the latter case 
especially, the oscillations of the hollow globe produce waves whose 
motions complicate the phenomena so as to require complex formule 
for their expression. 

Among the phenomena in which the internal resistance of fluids 
may be important, those where liquids are in rotation about an axis 
seem to be more simple than where they are undergoing large oscilla- 
tions, and it thus occurred to me that an experimental study of such 
a motion of fluids might prove fruitful in results. From the nature of 
fluids it seems likely, whatever precautions we may take, that even 
the most simple kinds of motion of their particles cannot take place 
with great rapidity without the production for a time of some kind of 
oscillation. But the results will probably be less complicated than 


1 The floatation of small solids of greater density than the liquids on the fluid 
surface shows that the cohesion of the particles of liquid among themselves may be 
sometimes accompanied by repulsion for solids. I have already brought under the 
notice of the Academy some remarkable phenomena of this kind, in which the co- 
hesion of the liquid particles for each other was clearly illustrated, as well as their 
repulsion for the small solid bodies.—‘‘ Proceedings of the Royal Ivish Academy,”’ 
vol. i., series ii., p. 153. 

2 “¢ Mémoires de lV Institut National,’’ tom. iii. 

3 Poggendorts ‘‘ Annalen,”’ vol. exiil., p. 55. 


4 <¢ Sitzungsberichte der kais. Academie zu Wien,”’ 


vol. xl. 
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when such oscillations are purposely produced, as was done in some of 
the experiments to which reference has been made. 

The researches on the motions of liquids which I have com- 
menced are intended to elucidate the phenomenon of fluids in rotation, 
under varying conditions. I was led to study the matter, chiefly from 
its bearing upon a question regarding the structure of our earth and 
the other bodies of our planetary system. Among astronomers and 
mathematicians the figure of the earth had been long required as a 
standing proof that it was originally in a fluid state. The arguments 
of Playfair and Sir John Herschel to account for this figure by the 
abrasion of a solid globe under the action of denuding forces have 
been long since shown by me, in a communication to this Academy,’ to 
lead to results entirely inconsistent with observation. The results of 
my calculations on this point have been subsequently confirmed by 
other mathematicians, and the question seems therefore to be finally 
at rest. But although the primitive fluidity of our planet seems now 
to be universally admitted, doubts have been put forward as to 
whether any great portion of its interior is yet in a fluid state. As 
this is obviously a question of the highest importance in geological 
theory, and in any attempts at accounting for the phenomenon of 
earthquakes and volcanos, its solution has long been under discus- 
sion. The idea occurred to the late Mr. Hopkins, of Cambridge, that 
if the greater part of the earth’s interior were fluid, the resulting 
motions of the earth’s axis known to astronomers as precession and 
nutation might be different from what would take place in a perfectly 
solid spheroid. He investigated the problem mathematically, with the 
aid of the usual equations of hydro-dynamics and the equations of 
rotation. His conclusions were that the earth was chiefly, or almost 
wholly, solid. His formule were deduced upon the supposition that 
no friction, or resistance, existed between the solid and fluid parts of 
the earth, and that no internal friction existed in the fluid. In the 
words of Archdeacon Pratt, ‘‘The success of the calculation depends 
upon a remarkable result at which he has arrived, that the precession 
caused by the disturbing forces in a homogeneous shell, filled with 
homogeneous fluid, in which the ellipticities of the inner and outer 
surfaces are the same, is the same, whatever the thickness of the 
shell. It is, therefore, the same for a spheroid solid to the centre.” L 
am now enabled to say, that if Mr. Hopkins’ hypothesis of a fluid 
with particles entirely destitute of resistance to their own motions, 
and without friction against its solid envelope, be adopted, the result 
alluded to by Pratt can be obtained by a very simple analysis. I hope 
soon to be able to submit such a proof in another paper. The result is 
one of some importance, for, combined with another to which I had 
been led, it shows that the earth cannot be entirely solid, and that it 
is, for the most part, a mass of fluid contained within a shell of unde- 


5 “ Proceedings of the Royal Irish Academy,”’ vol. iv., series 1., p. 333. 
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termined thickness. At the same time, it follows that this fluid must 
have properties entirely different from the ideal fluid assumed in 
Mr. Hopkins’ inquiries. I was led to affirm, that the fluid matter of 
the interior of the earth possessed such an amount of viscidity as to. 
cause it to rotate together with its solid envelope, as if they consti- 
tuted one continuous mass. 

Several years afterwards, by a very simple process of reasoning 
from physical and mechanical principles, M. Delaunay was led to 
announce precisely the same conclusions with reference to the motions 
of the solid and fluid parts of the earth. So remarkable a confirmation 
of my views created much discussion, and some of those who had 
adopted the conclusions of Mr. Hopkins seemed to call in question the 
physical properties of fluids alluded to by M. Delaunay and myself. 
The properties in question are the outward resistances of fluids to. 
solids in contact with them, and the internal resistances among the 
fluid particles, when both the fluids and solids are rotating. Tt is 
scarcely necessary to say, that the phenomena of fluids in rotation 
are connected with other physical questions, and they have a most 
important connexion with questions of the practical application of 
hydro-mechanics. Hence I may be permitted to hope that the inquiry 
I have commenced may be attended with some useful result. 

The first experiments I tried were similar to those quoted by 
M. Delaunay, and made, under his direction, by M. Champagneur. 

I obtained a small glass globe, which could be more or less filled 
with liquid by asmall opening. A strong silk cord was looped round 
the region of its equator, and to the opposite sides of this cord a pair 
of silk threads were attached, which were fastened to a support close 
to the ceiling of a lofty room. <A steady and rapid rotation was com- 
municated to the globe by the torsion of the threads. I half filled the 
globe with common water, and placed a number of small pieces of 
paper of the same size on its surface at different distances. Whenever 
the globe was set in rapid rotation, the pieces of paper were at first 
left behind, and therefore the water; but when the rotation was long 
continued, the papers appeared to move at the same rate. If the 
rotation was slow from the commencement, the papers seemed to. 
move with precisely the same angular velocity as the glass globe. 
With moderate velocities, if a piece of paper was placed in the centre 
of the flat surface-hemisphere of water, it required some time to 
partake of the motion of the vessel, but if placed near the glass it 
immediately moved. 

However instructive these experiments were, they could only be 
regarded as preliminary inquiries, suggestive of ideas to be tested by 
more precise methods. 

I accordingly, with the assistance of the well-known mechanician 
and instrument-maker, Mr. Spencer, devised an apparatus which might 
be employed in the study of phenomena accompanying very slow rota- 
tion of fluids or rapid rates of motion. I was particularly desirous of 
being able to observe the effects of the internal viscidity of liquids by 
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which the motions of successive strata of the same liquid influence 
the adjoming strata. On this account I have not employed the 
arrangement used by Coulomb, and subsequently appled by Meyer, 
as the direct results which that arrangement gives refer more imme- 
diately to the resistance of a solid surface moving against the liquid. 
Results as to the internal viscidity have subsequently been deduced 
indirectly from the observations thus made. 

As the object of these experiments has been to study the pheno- 
mena accompanying the rotation of liquids, a steady rotating motion 
was indispensable. For this purpose I had a clock specially con- 
structed, which worked by a gearing of toothed wheels, so as to move 
a vertical axle carrying on it a very strong wooden disk, to which 
another exactly similar could be fastened by screws. On the latter 
was fixed a broad socket of hard wood, with a large hollow screw cut 
deeply within it. The vessels employed were glass, and each carried 
at bottom a broad solid screw of hard wood firmly attached by cement. 
In this way the most complete union between the vessel containing 
the liquid and the rotating support was obtained. The clock was 
driven by two powerful springs, and was regulated by a pendulum 
when slow motions were required. A fan -with movable pallets was 
employed as a regulator for rapid motions. The whole was supported 
by and firmly bolted to a low flat table of wood. The circular disks 
are furnished with a slotted arm and clamping screw which permits 
the axis of the vessel containing liquid to be inclined at an angle to 
the axis of rotation. ‘The vessel which was principally employed is 
of glass; it has a bell-shaped bottom and cylindrical sides. Around 
the cylinder a slp of paper, divided into 360 equal parts, was rolled 
in such a way as to be in the plane of the circle forming the cross sec- 
tion, or in a plane parallel to the surface of the liquid when at rest. 
In order to observe the relative motions of the liquid and the contain- 
ing vessel, a strong rectangular frame was fixed to firm supports 
placed outside the table already mentioned, but not touching it. The 
cross piece had a slot which permitted a small brass crotchet to be 
screwed down vertically, after being shifted until it was placed over 
the centre of the vessel. In this crotchet is a small slit which could 
be closed by a screw. From the crotchet an indicator was suspended 
by a fibre of unspun silk, such as is usually employed in galvano- 
meters. The indicator consists of two fine slips of light wood (deal), 
fastened with strong thread at the ends and half way from the axis. 
At the axis a piece of very fine platinum wire was looped, and termi- 
nated in a small hook, to which the suspending fibre of silk was 
attached. 

The slips of deal were graduated in centimetres, from the centre 
of suspension outwardly. 5 

Between the two slips of deal two equal and rectangular thin 
laminas of mica were inserted; these laminas were always placed at 
equal distances from the point of attachment of the suspending fibre 
by the aid of the graduation above mentioned. Before making the 
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experiments, the indicator and its*mica plates were always perfectly 
balanced. 

Up to the present, water has been the liquid exclusively employed. 
I have sometimes used the common water supplied from the water- 
works, but recently, distilled water. In making the experiments, 
great care was necessary in the introduction of the mica plates into 
the water. If water was a perfect fluid, the introduction of such 
slender disks would be accompanied by no sensible resistance, but this 
was so far from being true, that unless both plates were plunged into 
the liquid at the same time, and to almost equal depths, the equili- 
brium of the indicator became totally deranged by the difference of 
the resistance experienced by these disks plunged edgeways. After 
they had been plunged into the liquid, and allowed to adjust them- 
selves, it was manifest that each disk exercised attraction on the 
adjacent liquid, from the concave meniscus of liquid heaped up at 
each side. But this is precisely what is desired, for we wanted an 
indicator moving as much as possible with the liquid, and immediately 
partaking of its changes of velocity. 

If the air contained in the vessel were absolutely at rest during 
the rotation, it would resist in a slight degree the motions of the 
wooden cross-bar and of the pieces of the mica disks above water; but 
as it is certain that air is endowed with some viscidity, or, as some 
prefer to call it, internal friction, it must partake in some measure of 
the motion of the vessel. If it did not, its tendency would manifestly 
be to keep the indicator in its original place. In this case the moving 
force acting on the indicator would be that of the strata of liquid 
pressing against the mica disks, and the resistance, that of the air in 
which the indicator was partly plunged. From the weight and 
dimensions of the wooden indicating bar and the mica disks, which I 
have already given, it is evident that the moment of inertia of the 
whole is very small, and as yet I have not deemed it necessary to cal- 
culate its exact amount. In reducing the results of observation, in 
order to determine numerical co-efficients for the friction of the fluids 
against solids, or for internal viscidity, this moment must be esti- 
mated. 

The apparatus for making the experiments being adapted for 
working with very slow or rapid motions, it has occurred to me to 
divide the investigation into two parts. The first refers only to the 
phenomena of slow rotation. By the adaptation of the pendulum, the 
vessel containing liquid has been made to revolve at velocities of from 
about one turn in two hours and a half to one turn in four hours, or 
six turns im a day. 

The method of observation adopted was the following: The vessel 
was filled with water to a depth of twelve centimetres, which enabled 
the mica disks to plunge three centimetres into the liquid, leaving one 
centimetre between the surface of the hquid and the indicating bar. 
After this had come to pertectly steady condition, the positions of the 
mica disks were sighted on the graduated circle, and when the sus- 
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pending fibre had been properly centred, both disks were found at 
180° distance. The clock having been previously wound up, it was 
now set in motion. When the rate was one turn in four hours, it was 
easy to observe the positions of the disks at short intervals as well as 
after stopping the clock at the end of afew hours. In this way a 


small angle of deviation of the disks with reference to the cylinder 


would be instantly detected. As the arrangement permitted the 
placing of the disks at different distances from the axis of rotation, 
the position of the centre of each disk was accurately measured before 
each experiment. In all the recent experiments with very slow rota- 
tion, I have employed distilled water, and the temperature of the room 


was maintained by hot water arrangements nearly constantly at about 
62° Fahrenheit. 


EXPERDIENTS wira Stow Rorarron. 


No. T DOG laE V. of R. 
1 2 hours. Distance of centre disks 
from the axis of rotation, 
9 centimetres, .. | 316° {| 316° 1 turn in 
4 hours. 
2 51 mins. | Disks at the same dis- 
tance, ye .. | ol4 314 
3 4 hours. Disks at the same distance 
from axis, .. bo) | BG) |) Bl 
4 | 11 hours. 45 3 .- | 316 316 
5 4 hours. A $5 yo lOmelmolG 
6 1 hour. Disks at 6 ‘centimetres 
from axis of suspension, | 3483 | 349 
| 
7 | 10 hours. 3 $6 .. | 849 | 349 
lg 1 hour. Disks at 4 centimetres 
from the axis, ae enoO 90 
9 Xe Disks at 9 centimetres, .. | 106 | 108 1 turnin 2 hrs. 
36 min. 
10 | 1hr. 40min. | Disks at 6 centimetres, .. | 86 852 | Same velocity. 


1l 3 hours. Disks at 6 centimetres, .. 83 83 


T. means duration of experiment. A. position of index at the beginning, B. at 
the end. Y. of R. velocity of rotation of the containing vessel. 


Of the experiments with rapid rotations, the only result which, 
I think, may be mentioned, is one bearing upon those obtained from 
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slow rotation. When the vessel rotated once in thirty, or even in 
twenty seconds, after an interval of about seven minutes the indicator 
moved with the same angular velocity as the vessel. When the mica 
plates had been long immersed in the water, this interval was 
reduced, showing that the water took time to completely adhere to 
the mica. 

As the radius of the vessel is 132 millimetres, the disks were 
plunged in water at 42 millimetres from the glass sides in experiments 
1, 2, 3, 4, 5, and 9. They were at 72 millimetres in experiments 6, 
7, 10, and 11, while in experiment 8 they were at 92 centimetres 
from the glass. In this way they enable us to observe the relative 
velocities of the strata situated at very different distances. Yet in all 
of these observations, from the moment when rotation commenced 
until its conclusion, the index continued to steadily point to the gra- 
duated circle. The adherence of the water to the mica disks was all 
along distinctly manifest. The water also adhered to the glass at the 
sides of the vessel, and all through the fluid the adjacent particles 
were attracted to each other. With slow velocities of rotation, these 
actions seemed to suffer no disturbance: each successive stratum of 
water, from the sides of the vessel to the mica plates, revolved with 
precisely the same angular velocity, and thus the vessel and its con- 
tained liquid rotated as one mass. 

Besides the experiments recorded in the foregoing Table, I have 
made several others with slow and quick velocities; the former all lead 
to the same result as those recorded, and I reserve the discussion of 
the latter for the second part of my Report. The observations I have 
already made, and those presented by other inquirers, clearly establish 
that natural fluids possess internal viscidity to such an extent as to 
vitally influence conclusions drawn from the mathematical treatment 
of problems in hydro-mechanics. Capillary phenomena, where the 
molecular action of solids and liquids at small distances is so strik- 
ingly manifested, appear to have led to the notion that, because large 
and uncapillary vessels do not clearly manifest such actions, the 
motions of liquids within them could be considered as independent of 
molecular action. But the force of cohesion, from particle to par- 
ticle, exists throughout the whole of a mass of liquid, no matter how 
ereat, and hence its motions are governed by the specific amount 
of this force. It is singular that the idea of what is called a perfect 
fluid should be so constantly in the minds of mathematicians who 
have treated hydro-mechanical questions, when one of the best-known 
elementary problems implicitly supposes a totally different fluid pro- 
perty. <A cylindrical vessel containing liquid is set into very rapid 
rotation : required the shape of the concave surface of the liquid. The 
ordinary equations of hydro-dynamics are used for solving the problem, 
but the hypothesis is made that the angular velocity of each particle 
of the liquid is the same. This could not be true in a perfect liquid. 
The cylinder would tend to slip past the particles close to it, and if 
these acquired any velocity from the roughness of the cylinder, the 
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adjacent internal strata would remain undisturbed. When the expe- 
riment is actually made, the observed and calculated form of surface 
agree very well. But this arises because the whole fluid possesses 
internal viscidity whereby each stratum has a grip on that which it 
encloses, and it cannot rotate without pulling the other. 

A mathematician, to whom allusion has been already made, is re- 
ported to have declared that the conclusion I put forward, as to the inte- 
rior fluid of the earth and its containing solid shell rotating as one mass, is 
‘a mechanical impossibility.”” In making this remark, he had in view 
the purely ideal substance called a perfect fluid. The experiments I 
have already made seem to show that, for a natural fluid, the pheno- 
mena of its rotation are in harmony with my conclusions, and widely 
different from those of the ideal substance commonly defined as a fluid 
in connexion with mathematico-physical theories. In the course of 
the discussion on the precessional motion of the earth considered as a 
solid shell enclosing a mass of fluid, it was asserted that the slowness 
of the precessiona] motion had nothing to do with the relative veloci- 
ties of the shell and its contained liquid. The experiments I have 
made show, on the contrary, that the relative velocities are closely 
dependent upon the absolute velocity of the solid envelope, and when 
this moves slowly the liquid is carried along with it as if the whole 
were one mass. 
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VIT.—On Revrvat oF Manuscripts on PARCHMENT. By R. Anevs: 
SuitH, Ph. D., F.R.8. 


[Read, February 26, 1877. ] 


Havine attended occasionally to the manuscripts sent to me by Dr. 
Ferguson, although I am not able to say that I have finished my work, 
it may be well to give the results up to this time. I began with the 
fullest ignorance, and tried methods long since tried; and I fear that, 
even now, I am able to speak only of modifications of old plans. Still, 
as I am not aware that any one has obtained equally good results, I 
shall venture to send the following with a hope that it may be thought 
worthy of being laid before the Royal Irish Academy. 

I tried, as many people have done, tannin, and find that it acts. 
very differently on different parchments. In one case it was fixed 
with mastic varnish, anda manuscript of a perfectly illegible character 
has been thus rendered clear and bright. I am not, however, sure that 
it is unaltered after a year. 

With sulphide of ammonium magnificent dark colours were ob- 
tained, but it is not easy to dry the ink before it becomes oxidised, 
and the dull brown returns. Still I have preserved one manuscript of 
this kind with mastic varnish, and a part with paraffin, very bright for 
a year. 

<i think these processes might be used so that the brightness, if 
temporary, should give good photographs. They are, however, 
only imperfect processes. The preservation I found much facilitated 
by moistening the parchment with water until it was quite soft, and 
then mounting it on card board. This plan has never, to my know- 
ledge, been adopted with skins, but it seems to answer perfectly. It 
preserves, at least, one side from the action of the air, and the varnish 
preserves the other. The back of the paper could also be varnished. 

This is a question which requires to be reviewed from many sides, 
and it is a new one to me, so that I do not say much as yet. 

The use of ferro-cyanide of potassium very naturally occurs to a 
chemist, and it was with this salt I obtained the best results; it was, 
however, used acid. Hitherto this has not been the case, and I believe 
a certain destruction of the organic matter of the ink may have taken 
place without a corresponding deposit of the iron compound. The 
acid first used was acetic. After having, in the usual way, used solu- 
tions which produced results which, to say the least, could not be re- 
garded as final, it was with very great surprise that I saw the whole 
parchment become white as new, and in all probability much whiter 
than ever it was before. The dark-brown, dirty, and crumpled parch- 
ment, with illegible marks, was like a sheet of white paper with writing 
perfectly clear and sharp, and when laid on a board, still in a moist 
state, it was smooth also. This I thought a great triumph, but it 
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eccurred to me that the action was only superficial, and that the 
colour would go deeper when it was longer exposed, but to my grief. 
this did not take place, but the ink began to fade. Seeing this, the 
parchment was washed, then well gummed behind, and put on a 
smooth board so as to be photographed. The writing was bright 
enough still, but had lost its original brilliancy, and as the original 
and the photograph are in your hands, you can judge of the results. 
[Since writing the above the whiteness has diminished. | 

The diminution of colour was a disappointment; on considering 
that the ferro-cyanide of iron was found by Graham to be soluble, but 
very slowly, in oxalic acid, it was imagined that it might be so in acetic. 
Graham, however, did not find this. Still we must take the result. To 
avoid this difficulty, then, it was needful to try another acid, and I took 
common sulphuric. I had no MS. of the untouched kind to try upon, 
and I have used only scraps of some which had failed with other pro- 
cesses; but there I find, so far, a confirmation of the belief that, by 
allowing the writing to remain longer, it would take up more of the 
solution, and darken by being penetrated. One, after eight days’ im- 
mersion, was darker than ever, and that point is apparently settled. 
But, on the other hand, the skin was not whitened: true, but it was a 
skin that had been so much tortured with chemicals previously, that one 
need not be surprised. I tried also neutral solutions with varying re- 
sults. A good deal depends on the ink and the quality of parchment. 

Now, I am in this position: I have a belief that the process might 
be perfected by various modifications, but I have no material on which 
to work. I believe there are many old parchments quite useless, and 
on some of these [ am desirous of continuing the trials. This class,. 
probably, does not exist in the Academy, but is found chiefly among 
papers of lawyers. Of course it would not be right to make any ex- 
periments on MSS. with ancient literature of any kind or on very old 
MSS., but there are trifles in abundance. 

The chief novelty in this process is the clearing of the ground. It 
often happens that the ink is dark enough, but being equalled by the 
darkness of the ground, nothing is seen; the absolute whitening of the 
ground makes the faintest shade of the remaining ink visible, and all 
we require to do is to use a compound which will not dissolve the ink. 

For MSS. which are not written with ink prepared with iron salts, 
but with carbonaceous inks, this process would be perfect, as the ferro- 
cyanide does not act on carbon. Where the writing or painting is 
oleaginous, the clearing up of the surface will restore the original 
ground; but without affecting the characters or lines either for good or 
evil, it will throw them into the fullest contrast. I do not know 
if any MSS. are of this kind in this country. 

If there be nothing to bind the colour; if, for example, there 
should only be the remains of a water-colour writing or drawing, the 
use of a watery solution will, as a matter of course, be an objection. 

It would be difficult to use the process for paper, because a large 
amount of liquid is required, the solution not being merely painted 
over, as in the old process. 

[Note added February, 1877.—I wrote this in January, 1876, and after a year I 
send it, but having done nothing, there is nothing to alter. | 
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VIIJ.—Reports From THE OpsERVATORY oF Trinity CoLLecE, DuBLIn. 
By Ropert 8. Batt, LL. D., F.R.8., Andrews Professor of 
Astronomy in the University of Dublin, and Royal Astronomer of 
Ireland. 


No. 1.—On tue Meron oF Reeutatine A CLock INTENDED TO SHOW 
Correct Mean True. 


[Read, February 26, 1877. ] 


In the following note I describe the method which I have adopted for 
the regulation of the new mean time clock erected by Messrs. Booth, 
of Dublin, at the Observatory of Dunsink. This clock controls an 
electric current, which goes from the Observatory to Dublin, for the 
purpose of regulating the clock in the Port and Docks Office of Dublin 
to correct Dublin time. 

In the regulation of the clock the object to be attained is to make 
the clock show correct time directly. In other words, we try to have 
the error of the clock always small. The method I have employed is 
the well-known one of applying small correcting weights to the pen- 
dulum at the centre of its length. It is possible, however, that the 
following description of the way to make this correction in a system- 
atic and orderly manner may be of use :— 

It was found, by experiment, that a weight of 635 milligrammes, 
placed upon the “ shelf,”’ which is fixed on the pendulum rod at the 
centre of its length, increased the rate of the clock one second per 
diem. 

I shall suppose that the error of the mean time clock is to be 
determined every day at mean noon by comparison with the astro- 
nomical clock. 

Suppose that yesterday at noon the error was £’, and that to-day 
at noon the error is #, the rate of the clock is therefore # — #’, and 
consequently the error at noon to-morrow would be 2 # — £”. If, 
theretore, we wish to have the clock right at noon to-morrow, a 
number of weights equivalent to 2 #— Z” must be added to or taken 
from the shelf at noon to-day. The principle of the correction is that, 
by comparison of the errors of noon to-day and noon yesterday, we 
endeavour to make the clock right at noon to-morrow. 

In the practical application of this method we may assume that 
we never have to deal with a clock more than two or three seconds 
wrong, and under these circumstances the correction may be made 
with the greatest facility. 

We shall assume that half a second is the smallest portion of time 
of which it is necessary to take cognizance. The following Table will 
then tell us at once how many weights should be placed on or taken 
off the shelf:— 
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Seconps or Mean Time Crock at Truze Mean Noon To-pay. 


| 
58:0 | 58:5 | 59-0 | 59-5 | 0-0 | 0:5 | 1-0 | 1:5 | 2°0 
| 

I | 

= |+2:0|+1-0|.+ 0-0|—1-0 | — 2-0 | — 3-0 | — 4-0 | — 5-0,| — 6-0 

ie) 

no Re a ths ole 

S |+25|+15|+05|-0-5|—1-5|-2:5|-3:5|—4:5| —5:5 

wD | 
ce) | ee eee orn eee ple erat iO oe ane 
Psi ie ro:0) | 20) at-0)) 00-0) | =11-0)|| 02; Os: Onl a0) | 520 

wD | | 


Sreconps or Mran Time Crock at Trur Mran Noon Yusrrerpay. 


| = [+60] +5:0/44-0| +30] +20] + 1-0 wo |e mee — 2:0 


For example, at mean noon to-day the clock showed 11h. 59m. 
99°0s., while yesterday it showed Oh. 0m. 0°5s., then the table gives 
+ 2°5, which means that weights equivalent to 2-5 seconds should be 
placed on the shelf, to make the clock right to-morrow. 

_In order to facilitate the application of this correction fifteen cylin- 
drical brass weights have been made. These cylinders have weights 
corresponding to 3, 6, 9, 10, 10°5, 11, 11°5, 12, 12°5, 13, 13°5, 14, 
14-5, 15 seconds respectively. 

In starting the clock, it is rated by the pendulum bob, in the usual 
way, to go as nearly accurately as possible when the 12°5 second 
cylinder, and also the 6 second cylinder are both on the shelf. The 
latter will not be altered, unless in the case of a considerable change 


FQ 
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in the clock-rate, when it may be replaced by the 3 or the 9. The 
ordinary daily correction is simply made by changing one of the 
cylinders for another. Thus, to take an example— 

Suppose that to-day the clock showed 59 seconds, that yesterday 
it was correct, then the Table gives +2. If, then, the cylinder 11-5 
were on the pendulum, it should be removed, and 13:5 put on instead. 
It will, however, occasionally happen that the required correction is 
beyond the reach of the change which could be effected by one 
cylinder. It would be so in the instance just given, ifthe cylinder 13°5 
had been on the shelf, instead of 11:°5. The correction would then 
require a cylinder of 15°5. In this case the cylinder 6 is removed, 
and 9 put on instead, and then the cylinder 12-5 seconds is put on. 
The second cylinder is thus only required for secular corrections, as it 
were; the ordinary daily correction is effected in a moment by the ex- 
tremely simple process of changing one cylinder for another. 

The cylinders are very readily removed, without deranging the 
pendulum, and the number appropriate to each cylinder is engraved 
upon it. 

Although this method may seem, in describing it, to be somewhat 
complicated, yet it works with the greatest facility, and leaves nothing 
to be desired on the score of precision. 
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1X.—Proor or Hamriron’s Princrete or Varyrne Action. By Pro- 
rEessor Tarr; Communicated by Dr. Batt. 


[Read, April 9, 1877.] 


We have as usual, 
DUBS Vie IEE, 


A = 2 Tit, 


3 AS Oe ie Sia 


t | (F ee Neal 26 dt + 18H 
ae do dO 


=> ey i + OH 


+ | (terms disappearing in consequence of Lagrange’s 
Equations of Motion) d6d¢, 


whence of course 


dA aT 

a es AOD &e 7 
do ky 

dA 

aa 

dH 


which is the essence of Hamilton’s varying action. 
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X.—Laxnoratory Norrs.' By Cuartzs R. C. Ticozorne, Ph. D., 
RACES nasce 


No. 6.—On tHE Formation oF Macnetic OxIpE BY THE DIssocraTION 
oF Ferrous SALTs. 


[Read, April 23, 1877.] 


Ty the description of a find of magnetic iron ore in Wicklow, which I 
read before the Royal Geological Society of Ireland, I lately offered 
some suggestions as regards the processes by which these deposits 
were formed in such localities; the stratified appearance of the ore, 
taken in connexion with its associated minerals, at once putting 
out of question the idea of this magnetite being of igneous origin. 
There was, however, undoubted evidence of the ore being the result 
of the oxidation of pyrites into sulphates of the base. Presuming that 
there is no limestone in this district, it becomes necessary to suppose 
that the deposition of Fe,O, was determined without the aid of a pre- 
cipitant. At the time of my reading the Paper to which I have 
referred, I exhibited a tube, which originally contained a partially 
oxidized solution of ferrous sulphate (a solution of ferrous sulphate 
which had been exposed to the air for some twenty-four hours). On 
submitting this tube, when sealed, to a temperature considerably 
above the boiling-point of water, magnetic oxide was deposited, appa- 
rently in the anhydrus state. On repeating this experiment lately, 
with definitely oxidized solutions, to my great surprise I got nothing 
but an anhydrus red precipitate of ferric oxide, perfectly desti- 
tute of magnetic properties. I therefore instituted experiments to 
determine the conditions under which Fe,0,, would be deposited. 

A mixture was made, which, on precipitation, would give us the 
molecule FeO, Fe., Fe;, or one in which two-thirds of the solution had 
been oxidized up to the ferric condition. On heating this solution 
nothing but ferric oxide was formed. 

In one case half the solution had been converted into a ferric, and 
half left as a ferrous salt. Such a solution contained the elements of 
an oxide 2FeO, Fe., F;. Only peroxide of iron was obtained in this 
case also, even after prolonged heating at a very high pressure in 
sealed tubes. As I thought that the basicity of the solutions might 
determine the deposition of the magnetic oxide, both of the above 
solutions were rendered so basic that the slightest application of heat 
would determine a precipitate on heating. On submitting them to a 
very high temperature in sealed tubes the deposits were not magnetic, 
and, therefore, we must come to the conclusion that, owing to the 
easy dissociation of ferric oxide, that oxide is deposited first, and that 
the acidity of the solution produced by this act of dissociation is suffi- 
cient to keep the ferrous oxide in solution. There is no doubt that a 


1 Continued from vol. ii., series ii., p. 84. 
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point would ultimately be reached where the dyad iron would be de- 
posited if we could get tubes sufficiently strong to stand the pressure, 
but they invariably burst. The presence of alkaline salts, although 
they facilitate the deposition of basic precipitates, did not in this case 
determine the formation of magnetic oxide. 

A solution of ferrous sulphate was allowed to remain exposed 
to the air for some time until partially oxidized. The resulting 
solution was then placed in a sealed tube, and on the application 
ot heat it immediately deposited the magnetic oxide, and apparently 
in a larger proportion than what would be deposited from the small 
amount of trioxide formed. We, therefore, see that mixtures such 
as would give the oxide Fe,0,, on precipitation by an alkali, or 
alkaline earth, do not give magnetic oxide when submitted to the 
dissociative action of heat, or at least they do not do so under the 
pressure that we are enabled to bring to bear. But we also find that 
partially oxidized solutions of ferrous salts, contaiming 10 to 20 per 
cent. of the ferric oxide, do deposit magnetic oxide, on submitting 
them to heat under pressure, although such a solution on being left 
exposed to the air would not deposit anything but ferric oxide. 
Even if a ferrous salt is directly precipitated, in time the ferrous 
oxide is formed, but never the intermediate magnetic oxide. On the 
application of a temperature above 100 C., magnetic oxide is deposited 
from solutions which are slightly oxidized. 

Assuming that pyrites is the origin of this vein of magnetic ore, 
we should get by the weathering action of the air a solution which 
would exactly answer all these requisites—a ferrous sulphate partially 
oxidized, and in a basic condition. Magnetic oxide is found exten- 
sively diffused, and in immense masses, in all parts of the world. It 
can be formed by i igneous action, andis no doubt frequently formed by 
the precipitating action of alkaline earths; but there are certain de- 
posits which from their character do not point to either of those 
methods; and I have, | think, supplied in this note a description of 
one of the methods by which ‘magnetite is sometimes formed in the 
laboratory of Nature. 
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XI.—OssERVATIONS ON THE PHENOMENA OF THE TIDES AS OBSERVED AT 
Fieetwoop (Lancasuire), wir InLusrRarions FRoM THE TIDES OF 
Ratumutian (Co. Donzeat). By the Rev. Jamzs Pearson, M.A., 
CantaB., Ex-Scholar, Trinity College, Cambridge. 


[Read, May 14, 1877.] 


Havrye been for some time engaged in making observations upon the 
tides at Fleetwood, I wish to place on record some of the theoretical 
results to which I have been led, as well as to say a few words in 
reference to a graphical construction which I have found very conve- 
nient for illustrating the relation between cause and effect in their 
production. The most elementary knowledge on the subject teaches 
us that the elevation of the tides is due not only to the action of the 
moon and sun on the waters immediately below them, but also that 
this action is extended directly through the solid body of the earth to 
the waters on the obverse side of it. The effect may in part be con- 
ceived by supposing two moons, one on each side of the earth, the line 
joining them always passing through its centre, and each attracting, 
so as to produce on its own side the tide actually exhibited. The 
first of these being the real moon—the second, or fictitious one, may 
be called the ‘‘ anti-moon.” In the very same way, we must imagine 
the tides which are produced by the sun to be of the same twofold 
character. We are thus introduced to four sets of tides, each, as it 
will be seen, operating under extremely different circumstances, 
namely—Ist, a /unar tide, swelling under the direct action of the 
moon; 2nd, an anti-lunar tide, swelling under the obverse action of 
the ‘‘ anti-moon;’’ 3rd, a solar tide, generated under the direct action 
of the sun; and 4th, an anti-solar tide, due to the direct action of the 
‘‘anti-sun.” A little reflection will serve to make it apparent that 
when the true moon is seen in the northern hemisphere or has zorth 
declination, the fictitious ‘‘ anti-moon”’ or ‘‘anti-sun’’ is over the 
southern hemisphere, or has south declination. More than this, it will 
be seen that as either of these luminaries advances from south to north 
declination, its fictitious antagonist will recede from xorth to south 
declination, and vice versé. But forasmuch as land predominates in 
the northern, and water in the southern hemisphere, the magnitudes 
of the tides produced will, from this cause alone, be very different, and 
when the resulting tides, which are formed of the superithposed tides 
due to the attractions of the sun and moon, consecutively arrive at our 
shores, they will display this difference of magnitude very prominently. 

Now, to this point I wish to call particular attention. Theore- 
tically, ‘‘the action of the moon produces a tidal spheroid; and the 
protuberances of this spheroid may be considered as composed of two 
tidal waves—one following the moon, and the other opposite to this. 
When the sun and moon are not in the equator, one of these may be 
called the northern, and the other the southern tidal wave. Now, 
places in the northern hemisphere pass nearer to the pole of the 
northern tidal wave, and places in the southern hemisphere nearer to 
the pole of the southern; and hence the tides are alternately greater and 
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hour; when the moon’s declination is south, this will be the smaller 
tide.”’ This is precisely what theory advances (see ‘‘ Whewell’s 
Dynamics,” part i., ed. 1882, p. 198); and I am not aware that the 
true theory, as it is called, which is based on the Harmonic Analysis 
of the Tides contradicts the more anciently-received one. But, in 
point of fact, and as the result of observation, the configuration of 
land and water is such as to cause that tidal wave, whose “pole is, or 
ought to be, in the northern hemisphere, to be invariably of lower 
magnitude than that whose pole is in the southern hemisphere; and, 
as I take it, the simple reason of the contrariety is, that neither moon 
nor sun can possibly generate a tide in regions where little or no 
water exists for the purpose. 

What observation shows is this—that the Junar tide is greater 
than the anti-lunar which follows it, whenever the moon’s declina- 
tion ranges from 20 deg. 8., ascending to about 15 deg. N. ascending ; 
and the anti-lunar tide is greater than the /unar whenever the 
moon’s declination ranges from 20 deg. N., descending to about 15 deg. 
S., descending ; the parallax being the same throughout. 

A few words must be added in explanation of the accompanying dia- 
eram. The figures at the side denote the successive feet as marked on 
an Admiralty Tide-gauge, whose base is the mean level of low water 
of ordinary spring tides. The figures at the top of the page point out 
the days of the month during which the observations were made, and 
the letters ‘‘m,” ‘‘e,’’ refer to the morning or evening tide, as the 
case may be. The figures in the middle of the diagram refer also to 
the days of the same month, but each of them is put a day and a-half 
antecedent to those in the top line, because there is that interval from 
the ‘‘transit B” of Sir John Lubbock, during which the tide travels 
from its cradle in the South Pacific to the Irish Sea. The tides are 
marked alternately by dotted and by straight lines, the latter indi- 
cating what we have called dunar, and the former anti-lunar tides, 
and they are laid down to scale, thus showing by the lines joining 
the summits the course of the curve they form. Within the space at 
the lower part of the diagram, the moon’s path and that of the sun 
are plotted also to scaler and the dotted lines show those of the 
‘‘anti-moon”’ and: ‘‘anti-sun.”’ <A glance from the top to the bottom 
of the diagram, in the direction of the lines which mark each tide, 
enables us to complete our description. If we take the morning tide 
of April 29th, for instance, we can see that it is generated partly by 
the direct action of the moon with the declination south ascending (a cir- 
cumstance which is favourable to its development), and partlyby the 
direct action of the sun with declination north. The evening tide, on 
the contrary, is connected with the action of the ‘‘ anti-moon” in the 
northern hemisphere, and that of the ‘‘anti-sun”’ in the southern. 
The former, therefore, is a /unar tide compounded with a solar, and 
the latter is an anti-lunar tide compounded with an anti-solar. The 
positions of the moon at each quarter are likewise noted, and also at 
apogee and perigee, and thus it is seen how the sun’s angle and the 
moon’s distance separately affect the height of cach tide. The method 
is new, and is very successful. 
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XIJ.—Report on rue Sorm anp Gaszous ConstITvUENTS OF THE 
Matiow Spa, in tHE County or Corx. By Wititam Prvnxert, 
Fellow of the Chemical Society, and Lancenor Sruppert, LL. D., 
Ex-Scholar, Trinity College, Dublin. 


[ Read, June 25, 1877.] 


Art the suggestion of the Member for the Borough, Mr. John George 
M‘Carthy, M.P., the authors being deputed by the Royal Irish 
Academy to analyze this mineral water, repaired for the purpose 
to Mallow, in August last; and the visit was repeated by Mr. Plunkett 
in the September following. Near the east end of the town, and 
north of the Blackwater, and at the base of limestone hills sheltering 
them from the north and east winds, are some warm wells, two of these 
being in the field adjoining the Spa House, provided by the lord of the 
manor, Sir Denham Norreys, Bart. This house contains, in the front 
room, the spring so long used and celebrated. 

It is this principal Spa that the authors were instructed to examine; 
but they thought fit also to determine the gaseous constituents of one 
of the outside springs, called the Ladies’ Well. 

- The well in the house, besides, supplies the baths in the adjoining 
room, and its overflow affords enough to the town for domestic 
purposes. This well is surrounded by a circular margin of stone; it 
is three feet deep, and two feet and a-half wide. 

A tablet there states that ‘“‘the baths have been found efficacious 
in the cure of cutaneous diseases, chronic gout, rheumatism, palsy, 
and stiff joits; (that) they restore the balance of the circulation, 
allay nervous irritation, and remove pain. The Mallow Spa (it adds) 
resembles in its properties the hot wells at Clifton, and has been 
long used for its efficacy in the cure of scrofulous and consumptive 
diseases.” 

Doctor Alexander Knox, in his work on “Irish Watering 
Places,’”’ quotes some physicians of Mallow and Cork, much to the same 
effect. 

The principal well in August last showed a temperature of 
70°16° F., or 21:2° C., the atmosphere being at 58°1° F., or 14°5° C. 
Residents of the place agree that this water is warmest in October. 
the Ladies’ Well in August reached 70°8° F., or 21°6° C.; but it 
is shallower, and more exposed to the sun’s heat than the inside 
spring. 

The surface of both wells is overspread with gas bubbles, breaking, 
and continuously renewed. 

‘The gas (writes Dr. Knox) was popularly supposed to be prin- 
cipally carbonic acid; but (he adds) if the analysis of Professor 
Daubeny, instituted on the spot, be correct, it is composed of—nitrogen, 
93°5 parts, and oxygen, 6°5 parts” in the hundred. 


76 Proceedings of the Royal Trish Academy. 


Analyzing the gases set free at the water’s surface, as the authors 
did, and to which it would seem that Professor Daubeny confined his 
examination for gases, and also analyzing the gases contained in a 
measured portion of the water taken from below its surface, which the 
authors were careful to do, in addition—these double determinations 
enabled them to go far towards reconciling the apparently conflicting 
views reported by Dr. Knox. 

Moreover, the composition of the gas, as contained in the water, 
and also the composition of the gas as set free in the spring, agreed so 
nearly with the composition as calculated in Bunsen’s chapter on 
‘‘Gases absorbed in Mineral Springs,” as to be, in his words, a 
‘‘valuable confirmation of both analyses.”’ 

The authors now beg to explain and state the results they obtained 
for the gaseous and solid constituents of these Mallow waters; the 
analyses having been conducted in the Laboratory of the Royal College 
of Science, by the permission of Professor Galloway. 

The free gases and the gases absorbed in the water were both 
examined. The absorbed gases were boiled out from 700 cub. cent. 
of the water by the method described in Miller’s ‘‘ Elements of 
Chemistry,” part ii., pp. 55, 56; and the analyses were made by the 
method adopted by Bunsen, as follows:—The gas was measured in an 
absorption tube, the necessary corrections for temperature, pressure, 
&c., being made; a bullet of potassic hydrate was then introduced, 
and time having been allowed for absorption of carbonic acid, the 
volume was again determined. The remainder was transferred to an 
eudiometer, mixed with hydrogen and detonating gas, and exploded. 
The several readings, reduced to 0° C. and one metre pressure, give 
the necessary data for calculating the amount of the several con- 
stituents. 

The following are the results :— 


Prinorpat Spa.—Free Cases. 


¥ ars = 
| Vol. at o° C. 
| Volume. | Pressure.| Temp. C.| and 1 metre 
| pressure. 
| 
ieee, i> she hn Weel 
Gas employed, |} 121-0} -6462 | 19-4 73°06 
| After absorption of CO, . .| 117:0 | 6570 | 19-2 71:82 
| | 
| Gas transferred to eudiometer, . | 191°3 | -4314 19° 205) icp 
| After addition of hydrogen, » | 219-2 | -4604 | 19-2 94:29 
After explosion with detonating gas,| 206-4 4576 | 21°6 87°51 
I 
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Whence we get 


Carbonic anhydride, ‘ . : 1-70 
Oxygen, . : f : i 2°88 
Nitrogen, 5 ‘ é : . 95°42 


100:00 


Same Spa.—Adbsorbed Gases. 


700 ce. of the water yielded 20°6 cc. of gases, which is equal to 
29-4 cc. in the Litre. 


Vol. atoe C. 
Volume. | Pressure.| Temp. C.| and x metre 
| pressure. 
| Gasemployed, . : . 5 |) eee <1) Seale) 19-0 83°11 
| After absorption of COz., . .| 81:0 | -6220 18-8 47°14 
| Gas transferred to eudiometer, .| 135°5 | -3932 | 18°8 49-85 
| After addition of hydrogen, . of) ESD. | ELIOT I alSeS 75°41 
| After explosion with detonating g gas,| 156-0 4129 18°8 60-27 
| | | 
Whence we get 
ib 
Carbonic anhydride, : 2 : 43°28 
Oxygen, : : 4 ‘ 5 5°75 
Nitrogen, . A 4 : ; 50°97 
100-00 


An examination was also made of the free and absorbed gases in 
the outer or Ladies’ Well. 
The free gases had the following composition :— 


P. C. 

Carbonic anhydride, —. : : 1:49 
Oxygen, : : : : : 2°46 
Nitrogen, . P i : ; 96°05 

100-00 

The absorbed gases were :— 

PR. C. 

Carbonic aad : ; 32°24 
Oxygen, i 0 : : 10°12 
Nitrogen. 5 : 57°64 


100°00 
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The solid constituents of the principal spa were also determined. 
They were found to be silica, iron, lime, magnesia, soda (with trace of 
potash), chlorine, sulphuric acid, and carbonic acid. In 1000 cc. were 
contained :— 


Which may 


Grammes. 
SitOse L : ; d : ; °0152 
Fe, Os, ee. ming" ODDS 
Ca : : 5 : : : “0564 
Mehdi iy Sxer) Si oh OOO g eons 
Nes em ce ae ee ee Oo 
SOR Pee ee oe og 
Cl, 2 : ; : 4 ‘ ‘0176 
be calculated as being thus combined :— 
Bilas iy 0 Soe een a Os 
Ferric Oxide, : : ; : 0005 
Calcic Sulphate, . ; 0179 
Calcic Carbonate, . : : : Sea) 
Magnesic Carbonate, . : “0246 
Magnesic Chloride, : 0105 
Sodie Chloride, . : : -0160 

-2126 


The following are the readings for temperature of the waters and 
of the atmosphere, taken at the two visits mentioned :— 


PERvcipaL Spa. 
31st August, 1876. 


PACT ee 14°-5 C 
Water, 2152s 
29th September, 1876. 

Air, . 13°-4 C 

Water, PALS 


Lapies’ WELL. 
31st August, 1876. 


29th September, 1876. 


= 
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XIJI.— On tue Gasrous ConsTITUENTS OF THE VARTRY AND GRAND 
CanaL Waters. By Anrcuiparp N. M‘Atprne, B. Sc., Assoc. 
R. C. Se. I. ; and Curis. Clarke Horcuryson, Royal Exhibitioner, 
Royal College of Science. 


[Read, June 25, 1877.] 


Hiruerro, in the examination of waters for domestic purposes, the 
attention of chemists has been almost entirely confined to the solid 
bodies they contain in solution, scarcely any attention having been 
paid to the gaseous substances present. 

That gases, like oxygen, when present in considerable quantities, 
have no effect upon the human system appears unlikely. The Right 
Hon. Lyon Playfair believes that the medicinal properties of the mineral 
waters of Buxton are due to the nitrogen they contain. Whether 
these gases have, or have not, any action, we must leave to medical 
men to decide ; but, at all events, it seems desirable that in the waters 
examined for drinking purposes the oxygen contained in solution 
should be estimated, as, from the quantity of this gas present in 
waters, some clue might be afforded to the state or condition of the 
organic matters they contain. 

With these objects in view, we undertook, at the suggestion of 
Professor Galloway, the examination and estimation of the gaseous 
constituents in the Vartry and Grand Canal waters which are sup- 
plied to Dublin, and the neighbouring townships. 

We conducted the examination and analyses in the following 
manner :-— 

A measured volume of the water under investigation was taken ; 
the gases in this volume expelled, collected, and measured; their 
quantities were determined, and the respective quantities of each 
present were estimated, by the refined method of gas analysis devised 
by Professor Bunsen. 

For the expulsion and collection of the gases we used the appa- 
ratus proposed by Reichardt, and described by Fresenius in the ‘‘ Zeits- 
chrift fiir analytische Chemie,” vol. xi., p. 271. 

Some preliminary experiments were made upon the gases thus 
obtained, to ascertain the quality of the gaseous mixture. After the 
removal of the carbonic acid, by means of a potash bullet, and of the 
oxygen by a coke bullet, saturated with pyro-gallate of potash, the 
measured gas remaining in the eudiometer was exploded with a 
measured volume of oxygen, and a detonating mixture of hydrogen 
and oxygen, obtained by the electrolysis of water. No contraction 
occurred, other than that due to the detonating gas; the potash bullet 
was again introduced, and on measuring, the volume remained as before ; 
hence, we inferred, since no carbonic acid had been formed, that 
carbonic oxide and carburetted hydrogen were absent, and that the 
gascous mixture consisted only of carbonic acid, oxygen, and nitrogen. 
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We now proceeded to the quantitative estimation of the respective 
gaseous constituents. 

The total volume of gas given off by the known volume of 
water was measured in a calibrated eudiometer, and in common 
with the other readings reduced to the normal temperature and 
pressure (0° C. and 760 m.m.s. bar. pres.) 

A portion of this gas was taken, transferred to another eudiometer, 
and measured. After absorption of the carbonic acid by a potash 
bullet, the gas was again read off by the kathetometer, the differ- 
ence between the readings giving the amount of carbonic acid. 

Pure hydrogen evolved by electrolysis was then introduced, and 
the volume then read off, to ascertain the amount of hydrogen 
added. The spark given by a Rhumkorff’s coil was then passed, 
and after allowing it to cool, the resulting volume of the exploded 
gases was read off: one-third of the contraction measures the amount 
of oxygen present. 

The residual hydrogen in the gas having been deducted, the 
remaining volume gives the amount of nitrogen present. From data 
thus obtained, were calculated the percentage composition, the 
absolute volumes in cub. cents. of the gases given off by the mea- 
sured portion of the water employed; and, from this last, the total 
volume of the mixture contained in one million litres of water. 

We now proceed to give the results of some of our analyses of the 
Vartry and Canal waters. The samples of the Vartry water were 
taken from the taps in the Chemical Laboratories of the Royal College 
of Science, Stephen’s-green, Dublin, being collected just before use :— 


No. I.—Taken 25th March, 1877. 


Volume used, Sich.) (pas 252240 0litress 
Temperature of water used,. . . 7°C. 
ie 8 9) 
Bee ein, 
| Oas Ona 
Tempera- | Pressure ae e > ae 
Volume. AG |in m.m.s. | ee Be 8 
| | #22 | 328 
| 3 Pa te ° 
| eS che 
| Ole 
Total vol. of gas evolved, . | 180°347 | 9:90 | 740° | 49°9 | 156-05 
After absorption of COz, . | 169-296 | 9-45 | 751-0 52:8 148-41 
Gasused’y i ames | 02823620) T1081 mi7b2:0) sl ee28sor 162-09 
After the admission of H,. | 412°130 | 10°80 7520 166-0 | 30063 
| After explosion, . . . | 255°990 | 10°80 | 752-0 | 300-6 | 143-12 | 
i 


M‘Arrine & Hutcutsson—On Vartiry and Canal Waters. 81 


Percentage Volume Composition. 


Garbonic acid; 2-taaleees 2 2 1) + 4888 
Wray cenit May ge at sy ed. 5-130 S06 
MTOR eNS yt ie ed wea es. Cee: 4300 


Totaly” 20% > ¥99°994 


Absolute Volume Composition in Cub. Cents. 


anbonie;acid, } Ar: geeeneh 5 4) 10984 
Sbacenm 1 sist 2) ee eee, 3. Sole L ST 
GLO Sene ht, =) 1s PRE OS Db4 37 


Total, 2 . . 99-558 


1,000,000 litres of water contain 16,346 litres of mixed gases. 


No. I1.—TZaken 18th June, 1877. 


Volume used, Og aD Ue 2 
Temperature of water, . . . . 20°25°C. 


Percentage Volume Composition. 


PAPBONICACIGs “eA he uk Sens on Ae ae oOo 
DPCM i etek es deena, eee OULOO. 
MEO PONA LE. r. <.- seus Ls oe eae RRGOL 638 


Rota yeas 58 200;000 


Absolute Volume Composition in Cub. Cents. 


CAT PSnICCACIG, iy oN ae ese es ce ek O62 
OVO eee 1A sg esti lees See eee ae, L508 
IMCEOSeD, = Bgl fe cde Lesa uh tok pee 240060 

Potala 5 = 31-2350 


1,000,000 litres of water contain 15,384 litres of mixed gases. 


Waters From Granp CANAL. 


No. 1—TZuaken at Haroldscross Bridge, 28th March, 1877. 
Wolumemsecda as ork tt) sb 6242 0litres, 
Temperature of water, . . .-. 8°C. 
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Heenan. a; Rem re! 8 atk 
Cae an é 
T see | Sac 
7 empera- | Pressure ae 2 
Volume. oe Pees ¢ al Be z 
aa 2 Deaf 
cater es ue 
| a} ¢ ro) i 
oe | ‘ 
| Total vol. of gas evolved, . |Not taken) — oh = = 
InGastuseds).) Beh) 2) 8Ta 86) | aaliee 749°9 | 256-7 | 192-505 
| After absorption of CO,, . | 288:370 | 11°65 750°5 289°0 | 161:490 
NWAfteradmission of H, . - | g64-960 |) 11-9 756-5 | 2050 | 251-300 
| Atitemexplosiony ay. sel ie | 22 T2022 756°5 | 313°5 | 124550 
| 
\ Roe ens ie { os 
Percentage Volume Composition. 
larbonic acid, . 16°111 
Oxygen, 2 Oe 
Nitrogen, 61:941 
Total, 99-999 


No, I.— Taken at Leeson-street Bridge, 11th April, 1877. 


Volume used, . . . 


2°420 litres. 


Temperature of water, . . . 10°C: 


| | ae 
| | | 2 Fe 
| Tempera- | S ae 
Volume. ture Pressure | eS 
Tool. in m.m.s. Clays 
| | 6p 
| Bos 
| | Pa 2 
| | [e) ~~ 

1S) 
Total vol. of gas evolved, . | 384°320 | 12:3 | 7665 241-8 

| | 

Gasmsedpeeaeaman th) foi tea| 314718 Gem oe3 756°5 241°8 
After absorption of COz., . | 197-400 | 10:2 | 760-0 361°2 
After admission of I, . . | 323°840 | 10-3 7600 | 244-7 
After explosion,. . . . | 214860 | 10:4 759°5 | 345°0 


Corrected Volume 
at 0° C. and 
760 m.m.s, pres. 
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Percentage Volume Composition. 
SarHoOnIC AC eee |) | uteri erolesll ool 
(DSRS) TR a eae rey ea a Pp ce csio yaml C350 (030) 


ANTCROS EMO) ete ee Set es ee Oo O69 


Notary ye We 992990 


Absolute Volune Composition in Cub. Cents. 
Canhonicracidye ais tecer ti, seen 2629S 
Osaymenty Ft He Gee ass aluls Bas NBEO o8 
Nitrogen iy Feith Welt CTE a0 388 

Dotale i.) aoe 


1,000,000 litres of water contain 21,741 litres of mixed gases. 


No. W1.—Tuaken at Bagqgot-street Bridge, 21st June, 1877. 


Wraterused:) ease cues, al. bo 342 0ulitres: 
emperature of water, . .4: 21:85.C. 


Column of Mercury | 


Tempera- 
- eee Pressure 
Volume. ture ° 2 / | 
. in m.m.sS. 
in o9 C. 


above that in 
trough in m.m.s. 


| Total vol. of gas evolved,. | 302°80 | 19:9 756-0 | 302-8 | 240-810 

fecasmusedye | 20643) | "19-9 756°0 | 302-8 | 137-800 
After absorption of COs, . | 163°10 19-9 756°0 | 3892-4 | 057-802 | 
After admission of H.. . | 318-24 | 19-7 | 7560 | 240-0 | 194-850 

| After explosion,... . . | 934-00 | 19:2 | 750-3 | 308-8. | 199-088 | 


Percentage Volume Composition. 
Carbonic acid, -= . . 5 
Oxycen Gone he ee Meena OOO, 
Nitrogen, . 24 


otal ows 
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Absolute Volume Composition in Cub. Cents. 


Carbonic acid. 2... 2) So ere poeees 
Oxygen, ss i eas ee a eee 
Nitrogen, 205. 3. 6 ls ae 5 ailggeiiey 

Total. |.) 7 roowosg 


1,000,000 litres of water contain 23,285 litres of mixed gases. 

It will be desirable to compare the relative quantities of oxygen 
and nitrogen obtained in these analyses with the relative proportion of 
these gases which would be dissolved by a pure water, in contact 
with air. Bunsen has determined, that in 100 parts of oxygen and 
nitrogen, dissolyed by pure water, the relative proportions are— 


Oxygen, = -- Gr Veesyieee - eon eeroaae 
Nitrogen, if: . eae eh ego 


Comparing the results of our analyses of the Vartry waters with 
this determination, we find that in 100 parts of dissolyed oxygen and 
nitrogen the following relative proportions obtain :— 


INCE ls 
Oxyeen, (0 oS eee Ae eS 
Nitrogen, | «4b Beiaae es enon 
No. II. 
OSV. SON: cei. | PERE Ne ee eed 
iNatrogen;' I" awe re eONEOG 


From this we see that these relative proportions of oxygen and 
nitrogen pretty closely agree with those which are found in a pure 
water; but there has been a slight diminution in the proportion of 
oxygen. 

Now, ?f a diminution of oxygen is brought about, in consequence 
of oxidation of decaying organic matter with which a water comes in 
contact, then, in the Vartry water, such contamination would seem to 
have occurred only to a very small extent; and, therefore, on this 
supposition, it is free from injurious organic constituents. 

Making the same comparisons for the Canal waters, we obtain the 
following :— 

No. I.—From Haroldscross Bridge. 


Oxygen, Sere ts) Sas has SIS 
MGrOSEN, ee, ae ee Sek 


No. U.— From Leeson-street Bridge. 


99. 


Oxygen, tl hel ee nee Re ero eS 
MIGROSEMs ey Us. sc), (2 Se et OgOr 


— 
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No. I11.—From Baggot-strect Bridge. 


Oxygen >. ty Cea ce che ALIS TS 
INGER OSCN 1S) aa ew os ont OOF Land 


These results seem contrary to expectation; for, since in coming 
further down the canal into the city, the amount of contamination 
increases, we would naturally expect to find a gradual diminution in 
the relative quantity of oxygen present. But we really see that the 
amount of oxygen, relatively to the nitrogen, is increased, the nitrogen 
undergoing considerable diminution. How this result is to be inter- 
preted we are not as yet prepared to say, further than that our 
results show us that, as the contamination increases, the proportion of 
nitrogen diminishes, while that of the carbonic acid increases by about 
the same amount. 

It may be, that the coefficient of solubility of the nitrogen is 
altered, owing to the presence of such a large amount of carbonic acid. 
But upon this point we have found no experimental data. 

These investigations were made in the Chemical Laboratories of 
the Royal College of Science, under the direction of Professor 
Galloway. 
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XIV.—On tre Votvmerric Estimation or Curomium. By Txomas 
Bay ey. 


[Read, June 26, 1877.] 


Tae well-known property possessed by the peroxides of Nickel and 
Cobalt, of decomposing Sodic Hypochlorite with evolution of oxygen, 
can be made use of for the estimation of Chromium, as follows :— 

The Chromium salt is mixed with -1 or -2 gram. of Cobalt in solu- 
tion, and then with excess of Potash or Soda. To this mixture, excess 
ot cold NaClO, free from Chlorate, isadded. On warming the solution, 
the whole of the Chromium is at once oxidised to the state of Chromate, 
and peroxide of Cobalt (Co;0;) is formed at the same time. The solu- 
tion is then allowed to stand in a warm place for a few hours, in order 
that the excess of Hypochlorite may be [decomposed by the Cobaltic 
peroxide. Hydrochloric acid is afterwards added until a few drops 
only are in excess; the solution is then boiled until all the Chlorme 
is expelled. The solution then contains the Cobalt as protochloride, 
and the Chromium as alkaline Chromate; when cold it is mixed with 
Potassic Iodide and Hydrochloric acid, and the liberated Iodine is esti- 
mated by Sodic Thiosulphate solution. 265 cc of a standard solution of 
Bichromate of Potassium, equivalent to -3171 gram. of Iodine, were 
reduced to Chromous Chloride by Hydrochloric acid and Alcohol, and 
then estimated by the above method. The following results were ob- 
tained :— 


Of Lodine. 
Theory. Found. 
°3171 gram. °3212 gram. 
Tn a second experiment : 
Bill p. “3171 _,, 


The results contained in this Paper were obtained in the Laboratory 
of the Royal College of Science. 
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XY.—Norers on tHE Mereor oF Fripay THE 6rH Appin, 1877. 
By Proressor O’ Retry. 


[Read, April 9, 1877.] 


Tuts Meteor, seen from many places in the South of Ireland, where 
it apparently exploded, was also visible from Dublin and other locali- 
ties still further north. It must consequently have been of more than 
ordinary size and brilliancy, meriting therefore some notice as a matter 
of record. 

Owing to the peculiar conditions under which such phenomena 
occur, the impressions and estimates of individual observers naturally 
differ considerably as regards the colour, the size, and the direction 
of movement of such a meteor. 

The real conditions can therefore be merely approximated by com- 
paring a large number of individual descriptions. In the case, how- 
ever, of the meteor having been seen to explode at the instant of its 
apparent passage across some fixed point or line, there remains an 
element by which its position at the moment can, to a certain extent, 
be fixed. This advantage I had when observing the explosion, the 
globe of flame appearing just to touch, by its lower rim, the ridge of 
the houses on the opposite of the road, as I endeavour to show in 
the accompanying drawing. Knowing the point where I stood at the 
time, I have been able to fix the apparent angle of the luminous globe 
above the horizon, at 15°, using for that purpose a pocket sextant and 
a level, so as to get a horizontal plane of comparison. 

The colour appeared as that of cupric chloride when burning, that 
is, bluish green. 

The size of the globe seemed to me to equal that of the setting sun. 

The tome was very nearly three to four minutes past 9 o’clock, p.x1., 
Dublin time. 

The direction in which seen was about 8. W. 

The znelination of the line of movement appeared to be from west 
to east, at about 80° from the vertical. 

Comparing these observations with others communicated to the 
Cork newspapers, which I annex, I find the following additional data, 
which agree very fairly, in some respects, with my observations : 


‘Tar Fripay nigut Mereor. 
‘¢ mo THE EDITOR OF THE ‘ CORK EXAMINER.’ 


<¢ Dear Srr,—I suspect that all your readers have been discussing the splendid 
meteor which visited us last night. I think it would be worth while if several who 
observed it compared notes, so as that we may discover what its distance from us 
was, and, if possible, also its size. I happened to see it from first to last. I must 
add that I live in the eastern part of the county, exactly in the 8th degree of lon- 
situde.* To me the meteor appeared in the heavens exactly about the place of the 
Polar star. It moved in a south-westerly direction, and traversed an are of about 
60 degrees. It was in view about six seeonds. During the last half second it ap- 
peared to throw out sparks as if exploding, the colour in the meantime haying 
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become more ruddy. About three minutes after its appearance I heard the explo- 
sion. As sound travels fourteen miles a minute, the meteor must have been forty- 
two miles from me when the first explosion occurred ; that is, as I calculate, nearly 
over the Old Head of Kinsale, but rather south of it, "and at aheight then of thirty 
miles. While exploding it must have gone twelve "miles farther, and its remains 

may have fallen among the fishing fleet. The meteor appeared. to me to have a 
diameter about one-tenth the apparent diameter of the moon. Hence its real 
diameter must have been about 200 feet. I calculate its velocity to have been 
twenty-five miles a second. 

“¢ Hoping you may think my observations worth reading, 
“« T am yours, 


“NO ASTRONOMER.” 


‘(Tap PHENOMENA OF FRIDAY NIGHT. 
‘¢ ¢ CORK DAILY HERALD.’ 


“¢ Our Tralee correspondent wrote on Friday night :— 


“¢¢ A strange meteoric phenomenon was observed here to-night, ata few minutes 
past nine. Some persons assert that a ball passed along the heavens, and after a 
second or two it exploded. Immediately the most minute object was observable by 
the illumination produced. The light only lasted for a few seconds, and it is posi- 
tively stated that, after the explosion of the ball, fragments of it "fell outside the 
suburbs, and noise resembling thunder was heard after the explosion.’ ”’ 


“¢ Our Kinsale correspondent writes :— 


“ «Those ‘toilers of the deep” who were at sea fishing on Friday night had 2 
good opportunity of observing the meteor. It resembled very closely the full 
moon, and carried a trail very much like that of a rocket. It shot through the 
heavens form north-east to south-west, in which point it disappeared. The bril- 
liancy of the blue light which emanated from it, as it sped along the clear sky, 
made the smallest object on the earth quite visible, and in a few minutes after its 
disappearance a deep dull sound like distant thunder was heard in a south-westerly 
direction, which leaves no doubt that it was the noise which followed.’ ”’ 


“ A correspondent writes to us from Kilrush :— 


«¢¢ An aerolite (sic) of remarkable brilliancy and size illuminated the town after 
nine o’clock last night, and burst noiselessly. It was for more than thirty seconds 
in view. It was observed by hundreds who were in the streets.’ ”’ 


The writer, ‘‘ No Astronomer,” gives the size as about one-tenth 
the apparent diameter of the moon. Refraction would of course make 
it appear larger to a spectator situated at Dublin, who saw it at the 
comparatively low angle of 15°. 

The height over Cork which he estimates for the globe, at the mo- 
ment of the explosion, agrees with that resulting from the 15° altitude 
which I observed. 

The direction of movement which he noted 8. W. leads to the 
conclusion that the plane of movement had a westerly inclination. 

The Kinsale correspondent gives the size of the meteor as that of 
the full moon (a sufficiently close approximation to mine) ; the colour 
he states as brilliant blue (a colour hardly distinguishable from brilliant 
ereen at night, by many people). 

A correspondent writing from Cork gives the colour as light blue, 
and gives as the interval of time between the explosion and the sound 
about two minutes, the time being about 9 o’clock, p.m. 


Apams—On the History of Irish Fossil Mammals. 89 


XVI.—Repvort on THE History or Inisn Fosstn Mammats. By A: 
Lerrn Apams, F. R.8., F.G.8., Professor of Zoology in the Royal 
College of Science for Ireland. 


(ABRIDGMENT OF THE Report.) 
[Read, June 10, 1877.1] 


Te following Abstract has been furnished at the request of the Com- 
mittee of Publication of the Royal Irish Academy, in consequence of 
the original Report requiring more illustrations than were considered 
advisable to recommend, on account of the attendant expense. 

The extinct and fossil mammals of Ireland have been variously 
enumerated. Several of the latest writers on the subject include 
domesticated oxen, sheep, and goats among the feral lost animals,' 
whilst certam mammals are enumerated whose existence appears 
doubtful when carefully compared with typical examples of the 
species to which they have been referred. 

According to the views apprehended in this Paper, the only extinct 
mammals hitherto discovered in Ireland are as follows :— 


Wild Horse (Zquus caballus). 

Wild Hog (Sus scrofa). 

Trish Elk (Cervus megaceros). 

Reindeer (Cervus tarandus). 

Hairy Elephant (Hlephas primigenius). 

Grisly Bear ( Ursus fossilis, vel U. ferox fossilis). 
Wolf (Canis lupus). 


Of recent Irish mammals, the only species hitherto found in fossil 
states are the Alpine Hare (Legus variabilis), and the Fox ( Canis 
vulpes), and Red Deer (Cervus elaphus). 

The so-called fossil Cetacean remains reported to have been dis- 
covered in Ireland refer, as far as I can make out, to detached bones, 
none of which have been determined as belonging to extinct or fossil 
species. 

Again, the asserted discoveries of exuvie of certain quadrupeds in 
Trish strata, to wit, Hippopotamus, Ursus speleus, Ursus maritimus, 
Ursus arctos, Cervus alces, appear to me to rest altogether on unsatis- 
factory evidence. On these accounts I conclude that my researches into 
their histories have not been a work of supererogation ; for, although 
it is demonstrated thereby that the list of Irish fossil mammals is re- 
markably small as compared with England, and in several respects 
deficient as compared with Scotland, the objects, as far as they extend, 
belong to lost mammals, with one exception, also met with in the 


1 Hull, ‘“‘ On the Physical Geology of Iveland’’ (1878). Scott, Geological Ma- 
gasine, Vol. vil. 
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superficial deposits of the latter country—a circumstance of some im- 
portance when the recent and extinct animals are considered in re- 
lation to physical geology and their probable route of migration to. 
Treland after the Glacial Period. 
I shall now proceed to briefly indicate the data on which the fore- 
going determinations are based. 


Tue Witp Horse (4guus caballus). 


Remains of a small Horse, including many bones, but no teeth, 
were found in Shandon cave in connexion with the Mammoth, Rein- 
deer, Red Deer, Wolf, Cave Bear (UV. fossilis, Goldf.), Fox and Hare.” 
Mr. Thompson also refers to teeth from gravel at considerable depths,* 
and many other cases are recorded of the finding of remains in similar 
deposits. There are also many instances of equine and domesticated 
animals’ remains from caves and prehistoric dwellings, such as cran- 
noges.* 

The only evidence in connexion with the discovery of remains of 
Hippopotamus in Ireland rests on a single canine tooth said to have 
been found near Carrickfergus in 1837. I have seen a well executed 
drawing which is reported to be of this tooth, by the late M. Du Noyer, 
in the office of the Geological Survey of Ireland. On submitting a 
copy to Dr. Moore, F.L.8., Naturalist to the Survey, when the dis- 
covery was made, he assured me that the above was a true representa- 
tion of the tooth in question. The specimen, however, is lost, and 
the circumstances connected with the discovery not being altogether 
satisfactory, it appears to me prudent to allow the Hippopotamus a 
place for the present among the doubtful Irish mammals.° 


Tue Witp Hoe (Sus scrofa). 


Remains of the Hog are found in caverns, bogs, and crannoges, &c., 
in connexion with domestic animals, and there are records of its 
existence in a feral state in Ireland,® but I can find no traces of its 
contemporaneity with the Mammoth and other pleistocene mammals. 
Nor is there satisfactory evidence of any feral Bos having been indi- 
genous to Ireland.’ Historians mention wild cattle, but possibly 


Trish Academy, vol. xxvi., p. 215. 

3 Owen, British Fossit Mammals, p. 391. 

4 Bryce, Report British Association, 1834, p. 658. Wilde, Proceedings of the 
Royal Irish Academy, vol. 1., p. 420. 

5 Dr. Moore makes a mistake in calling it ‘‘ an Elephant’s tooth”’ in a letter quoted 
by Professor Hull, Journal of the Royal Geological Society, Ireland, vol. iv., p. 61. 
The tooth is said to have been found by a son of the well-known Mr. Doran, who 
collected natural objects, and disposed of them to the officers of the Geological 
Survey of Ireland.—A. L. A. 

6 Wilde, Proceedings of the Royal Irish Academy, vol. vii., p. 208. Giraldus 
Cambrensis, Toph. Hibernica, who says the boars were all deformed, and cowards. 

7 Scowler, Journal of the Geological Society, Dublin, vol. i., p. 228. 
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these were only domesticated animals run wild. Remains of Bos- 
longifrons are very plentiful in bogs, river, and lake deposits, along 
with Sheep, Goats, Horse, Red Deer, Dog, and Fox.® It has also been 
discovered in ancient dwellings, such as crannoges, raths, &c.,'° and 
many crania showing their frontals battered in by the poll-axe from 
these situations, and from other prehistoric dwellings, are preserved 
in the Museum of Science and Art, Dublin, but I have failed in pro- 
‘curing proofs of its existence as a feral species. 


Tue Intsu Exx (Cervus megaceros). 


Enormous quantities of remains of this Deer have been found in 
sub-turbary deposits, and occasionally in river gravels throughout the 
island. None of the bones, as far as I have seen, show that either 
man or beast preyed on the animal. The remarkable incisions fre- 
quently observed on its bones from the shell marl are, beyond doubt, 
as pointed out by Carte, Jukes," and others, the result of friction of 
opposing surfaces of bones during probable oscillations of the super- 
incumbent bog. This Deer probably existed at the same time with 
the Cave or Grisly Bear, seeing that remains of the latter have been 
met with in shell marl under peat of possibly the same age; and 
there is evidence of its contemporaneity with the Reindeer.” The 
fact that heads of females and hornless heads of Stags are rarely found, 
whilst cast antlers are not uncommon, may be owing to the absence 
of the stupendous appendages which would have always greatly inter- 
fered with the animal when swimming, as it also assurely placed him 
at a disadvantage in the forest. 

Perhaps, therefore, these accidents occurred at seasons when the 
sexes were separated, and to all appearances when the horn was in its 
prime, which would be at the rutting season. A fine head and horns 
of Reindeer was found by Mr. Moss in lacustrine deposits under bog at 
Ballybetagh, County Dublin ;* and quite recently Mr. Williams, Tax1- 
dermist, Dame-street, showed me an antler discovered by him in the 
above situation. In both cases they were associated with, or near to, 
enormous quantities of remains of Cervus megaceros. Taking the ex~ 
plorations made by Messrs. 8. & J. Moss, and the two years’ explo- 
rations lately carried out by Mr. Williams, it is estimated that, in a 
space not exceeding one hundred yards, considerably over a hundred 
crania of this Stag have been exhumed." 


8 Ball, Proceedings of the Royal Irish Academy, vol. ii. 541; and Wilde, 
Idem, vol. vii., p. 1838. 

9 Du Noyer, Journal of the Geological Society, Dublin, vol. i., p. 248; and 
Ball, vol. i:, p. 253. 

10 Wilde, Proceedings of the Royal Irish Academy, vol. i., p. 426. 

11 Journal of the Royal Geological Society of Ireland, vol. i. p. 152; and vol. x., 
Ms Wie 

2 Oldham, Journal of the Geological Society, Dublin, vol. iii., p. 252. 

13 Thid. 

4 Moss, Proecedings of the Royal Irish Academy, second series. vol. ii., p. 547- 
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Notwithstanding reiterated assertions to the contrary by every 
competent Irish observer, and by Owen in the British Fossil Mam- 
mals, the error that remains of C. megaceros have been met with 
in peat overlying the shell marl and clays continues to be propa- 
gated. It is stated by Dawkins and Sandford in their Yonograph on 
British Pleistocene Mammals, published by the: Paleontographical So- 
ciety, that the Cervus megaceros, C. tarandus, C. elaphus, and Bos longi- 
Srons, have been found associated in peat in Ireland. Now, although 
remains of the Red Deer and Short-horned Ox are very plentiful in 
the peat, there is not, as far as I can discover, a single properly au- 
thenticated instance of exuvice of either of the other two Deer having 
been found in the Irish turbaries overlying the shell marl and clays 
in which they are embedded. 

A descriptive osteology of this Deer appears to me a desideratum, 
and more especially considering the abundance of its remains, and the: 
excellent states of preservation in which they are met with in Ireland. 


THe REINDEER (Cervus tarandus). 


The evidences of the Reindeer in Ireland were first recorded by 
Oldham ;“ it seems requisite, however, as far as possible, to enumerate- 
the stratagraphical conditions under which the different discoveries 
were made :— : 

1. Two almost perfect heads with horns were found in shell marl 
under bog at Ballyguiry, near Dungarvan, county Waterford.* 

2. The head and horn referred to in connexion with the Irish 
Elks’ remains from Ballybetagh, county Dublin, were found im a clay 
overlying granitic boulders, and under peat. 

3. A superb head, with mandible and horns, was found under peat 
at Ashbourne, in the county of Dublin.” 

4. Several shed antlers, with a fragment of a skull and horn, were 
dredged from the bed of the Shannon, near Limerick. 

5. A skull was found in the mud of Lough Gur, county Limerick. 

6. A large number of remains, representing at least thirty-five in- 
dividuals, were found in Shandon cave, near Dungarvan, associated 
with bones of the Mammoth, Grisly Bear, Wolf, Fox, Horse, Red Deer, 
and Hare.” 

All these specimens are either in the Museum of Trinity College, 
cr in the Museum of Science and Art. 

The noteworthy character of the horns of all these finds is the 


15 Page 464. 

16 Page xiii. 

VW Journal of the Geological Society, Dublin, vol. ii., p. 252. 

18 Carte, Journal of the Geological Society, Dublin, vol. x., p. 107. Adams, 
Transactions of the Royal Irish Academy, vol. xxyvi., p. 210. 

19 Carte, Journal of the Geological Society, Dublin, vol. x., p. 103, and Plate vii. 

20 Carte, Journal of the Royal Dublin Society, vol. U., p. 12. Adams, Trans- 
actions of the Royal Irish Academy, vol. xxvi., p. 217. 
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uniformity as regards the beam, which is slender and round, as obtains 
in the English specimens, and the recent Reindeer of Norway, as com- 
pared with the flattened antlers of the Siberian stock. The presence 
of Reindeers’ and Horses’ bones in the surface as well as the deeper 
deposits of Shandon cave might indicate that they survived the Mam- 
moth and Bear in Ireland.” 

Remains of the Red Deer have been found in shell marl and other 
sub-turbary deposits of Ireland, but in by far the greatest abundance 
in the peat. Its presence in Shandon cave with the fauna just men- 
tioned, and association with the Inish Elk, make it contemporaneous 
with all the pleistocene Mammals.” I have not seen Ivish antlers of 
the maximum dimensions of the horns from English cave and river 
deposits. 

There is no valid proof whatever that remains of the Elk (Cervus 
alces) have been found in Ireland. The horn referred to by Thomp- 
son,” and now in his collection at Belfast, is clearly that of a recent 
Elk. 


Tur Mamnore (Lephas primigentus). 


The presence of this Elephant in Ireland is confirmed by the fol- 
lowing discoveries :— 

1. The teeth of a young individual were found in Cavan, in 1715.** 

2. A rib, possibly of an Elephant, is figured by Smith, who states 
that it was dug up near Whitechurch, in the county of Waterford.” 

3. Nearly an entire skeleton of an Elephant, with the antepe- 
nultimate molars entire, was discovered in Shandon cave, near Dun- 
garvan, in the county of Waterford, in connexion with remains ot 
Reindeer, Red Deer, Wolf, Fox, Ursus fossilis, Horse, and Hare. These 
remains are now in the Museum of Science and Art, Dublin.” 

4. There is a nearly entire right humerus, No. 30, 531 of the Pa- 
leontological Collection of the British Museum, recorded as having 
been dredged up in the Bay of Galway. It is covered with Cirripedia 
belonging to the genus Lepas, and bears every indication of marine 
origin. The characters of the Mammoth’s humerus are well shown 
in this specimen. The locality indicates the most western point in 
the European distribution of the species hitherto recorded. 

5. I have lately been shown a photograph of portion of a molar of 
this Elephant by the Rev. Dr. Grainger, D. D., of Browshane, who 
states that he found it sticking in a marine deposit containing recent 
shells, near Corncastle, county Antrim. He further informs me that 


21 Adams’ Report on the Exploration of Shandon cave; Zransactions of the 
Toyal Irish Academy, vol. xxvi., p. 210. 

* Transactions of the Royal Irish Academy, vol. xxvi., p. 224. 

23 Report of the British Association, 1840, p. 362. 

*4 Molyneux, Philosophical Transactions, vol. xxix., p. 367. 

% Smith, History of Waterford [1741], p. 81. Plate 2; figs. 1, 2, and 3. 

6 Carte, Journal of the Royal Dublin Society, vol. ii. Plate, x.; p. 11. Adams, 
Transactions of the Royal Irish Academy, vol. xxvi., p. 212. 
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the other instances referred to by him in his communication to the 
British Association now turn out to be doubtful.” The above are the 
only properly authenticated instances of the discovery of Mammoths’ 
remains in Ireland (as far as my investigations extend). 


Gristy Brar (Ursus fossilis, sive ferox). 


The Irish ursine remains as determined by Ball, Carte, and others,** 
are stated to belong to the Ursus maritimus, U. speleus, U. ferox, and 
U. arctos. 

1. As regards Ursus maritimus, the data on which the determina- 
tion was established comprise a humerus, femur, and fibula, besides 
portion of the atlas and axis; the two latter, strange to say, display 
complete ankyloses of their ar ticulations. These bones were found in 
the mud of Loch Gur, in the county of Limerick, and are at present 
in the Museum of Science and Art. 

‘ In comparing the long bones with similar specimens belonging to 

the Polar Bear, they appear to me to differ from the latter in pre- 
cisely the same characters as distinguish the bones of the Brown, the 
Grisly and the extinct cave Bears from the Polar Bear. These 
points of distinction as regards the latter have been clearly pointed 
out by Owen,” and refer to the (a) stoutness of the bones of the Polar 
species ; (6) the size and configuration of the internal condyle of the 
humerus, (¢) the position of the deltoid ridge; (d) the position of the 
lesser trochanter of the femur. In all these characters the Loch Gur 
bones disagree with the Polar, and agree with the Brown, Grisly, and 
Cave Bears, whose long bones are much alike. From the large di- 
mensions of the specimens in question, they seem to belong in all pro- 
bability to the Ursus fossilis of Goldfuss, now generally supposed to be 
identical with the recent Ursus ferow. 
.= The proximal epiphysis of the humerus is wanting. The length 
of the remainder of the bone is 143 inches. The breadth of the distal 
articulation is 3°4inches; maximum width at the distal extremity 
5 inches. Unfortunately, the supinator ridge has been destroyed close 
to its insertion, and prevents me ascertaining the angle made by it 
with the shaft. The antero posterior diameter at the middle of the 
deltoid ridge is 2°2 inches; the femur is entire, and 18:8 inches in 
length; the girth midshaft is 5 inches; breadth of the proximal ex- 
tremity is 5 inches, and the distal 4inches; the articular surfaces of 
the latter are 3°7 inches in breadth; the /ibuwla is 13 inches in 
length, and presents the usual variable characters of that bone. 


27 Revort of the Belfast Meeting of the British Association, 1876. ‘On the 
Post tertiary Fossils of [veland.’’? By the Rey. Dr. Grainger, 1D 10), 

28 Ball, Proceedings of the Royal Irish Academy, vol. iv., p. 416. Carte, Jowr- 
nal of the ’ Geological Society, Dublin, vol. x., p. 114. Scott, Geological Magazine, 
vol. vil., p. 268. Hull, Journal of the Royal Geological Society, Ireland, vol. iv., 
(new series), p- ol. 

* British Fossil Mammals, p. 94. 
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2. A superb cranium without the mandible is now in the pos- 
session of the Ear! of Enniskillen, who has kindly furnished me with 
the following particulars regarding its discovery. It was given to 
him by Mr. Young, of Monaghan, who told him that he received it 
from a navvy, and that the latter found it near Ballinamore, in the 
county of Leitrim, when digging the Shannon and Erne Canal. 

The exact stratagraphical position is therefore wanting, but 
from the light colour of the specimen as compared with the black 
colouring of the bones from the mud of Loch Gur, it may be presumed 
that the skull was found in the shell marl, or else the sub-lacustine 
clay. 

The only teeth remaining are the canines and last molar. The lat- 
ter is 42 x 22 millimetres, and has the contracted posterior of the Grisly 
and the Ursus fossilis of Goldfuss. The zygomatic arcade is not so 
broad comparatively, nor are the posterior nasal openings so wide as 
in Ursus arctos. In these two particulars the specimen coincides with 
crania of the Grisly and Ursus fossilis. It differs from Ursus speleus 
or the gigantic cave Bear in the shape of the last molar and size of the 
posterior nares, which are apparently narrower in the latter than in 
any of the foregoing. 

The maximum length of the skull is 15 inches, and greatest width 
9+ inches. Mr. J. Allen states that, out of crania of eight recent 
Grisly Bears examined by him, five were 144, three over 15, and one 
was 16 inches in length. The maximum breadth of none of these, 
however, attains to that of the Leitrim skull, the width of the largest 
being only 8} inches.” 

3. Nearly an entire skeleton was found dm s¢tw in Shandon cave, 
in conjunction with the exuviz of the Mammoth, Hare, Reindeer, Red 
Deer, Wolf, and Fox. The bones are enumerated by Dr. Carte, F.L.S., 
in his Report on the Shandon remains, and referred by him to Ursus 
speleus and Ursus arctos.*" The specimens are in the Museum of 
Science and Art. 

The cranium is. in fragments, but several molars and the left 
ramus of a very aged Bear, besides a fragment of a right ramus, evi- 
dently of a larger individual, remain. There is a diseased condition 
of the left ankle-joint, whereby the distal extremity of the fibula and 
corresponding surface of the tibia show extensive exostosis, which 
must have greatly impeded the movements of the animal as far as its 
predaceous habits were concerned ; however, the Grisly Bear of North 
America, like its Brown congener, can subsist entirely on vegetable 
food. All the teeth of the above are larger than any of VU. arctus I 
have seen. 

The fragments of the maxille show the sockets of the small pre- 
molars asin the Leitrim skull, whilst the 4th p. m. is bitubercular, and 


°° Geographical Variation among North American Mammats. 
1 Journal of the Royal Dublin Society, vol. ii., p. 12. Plates xi. and xii. 
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the ultimate has the contour of that of the Grisly and Ursus fossilis. 
The dimensions of the crown of this tooth are 40 x 24 millimetres, and. 
the penultimate molar 24 x 20 millimetres. 

The mandible includes the canine much injured sockets of the 1st 
p. m.; the sockets of 1st and 3rd, and portion of the 4th p.m.; the 
sockets of 1st and 2nd, and the ultimate molar are entire, but very 
much worn ; it is rounded behind, as in Ursus fossilis, the same part 
being usually more angular in Ursus arctos and the gigantic cave Bear 
( Ursus speleus). 

The dimensions of this ramus, compared with that of a very old. 
individual of Ursus ferox, show it to have belonged to a larger indivi- 
dual. There are seemingly no other points of distinction in this 
specimen, but the fragment of the articular extremity of the other 
ramus shows the thick incurved angular process apparently more pro- 
nounced, as in Ursus fossilis and U. ferox, than in U. arctos. 

The other bones referred by Carte to Ursus arctos are an atlas, 
2 cervical, 2 dorsal, and 2 lumbar vertebree, with fragments of spinous 
processes and ribs. None of these appear to me to present mor- 
phological characters of importance. As regards dimensions, however, 
they represent a large Bear, as compared with recent species. The 
atlas, for example, gives the following :— 


Height of the arch inferiorly, . . . 1°52; inches. 
Vertebral foramen, .-... . =>. | 1:8ioqdeSeimehess 
Anterior articular surface, . . . 1:11 x 1- imches: 
Posterior articular surface, . . : 1:8x 1- inches. 


The long bones agree in their characters and dimensions with the 
usual specimens of Ursus fossil’s, but the femur is fully an inch and 
a-half shorter than the Loch Gur specimen, which doubtless belonged 
to a very large Bear. As compared with the elements of a skeleton of 
an aged Grisly in the Museum of the Royal College of Surgeons of 
England, they indicate a much larger animal, the humerus being one 
and a-half inches, the femur one inch, and the tibia one and a-quarter 
inches longer. 

These ursine remains from Shandon cave seem to me referrible to. 
one species, and are indistinguishable from similar parts of Ursus 
fossilis, and Ursus ferox. 

4, Two crania now in the Museum of the Philosophical Society of 
Leeds are stated to have been found seven feet under ground in a eut- 
away bog at Ballymahon, on the borders of Longford and West- 
meath.” The teeth and mandibles are wanting in both. The skulls 
show the sockets of the first and third premolars. The zygomatic 
arcade is like the others just described, and the posterior nasal open- 
ings are also of the same character. The specimens differ considerably 


% Denny, Journal of the Geological and Polytechnic Society of Yorkshire, 
April, 1864. 
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in size, and indicate a female and an old male, as surmised from the 
sagittal ridge and frontal triangle.* The larger, although greatly 
exceeding the dimensions of any cranium of Ursus ferox or Ursus arctos 
with which I have compared it, is three-fourths of an inch shorter 
than the Leitrim skull; at the same time there can be lttle doubt but 
that all the three belong to the same species. 

5. A cranium without mandible; No. 28,906 of the Paleontological 
Collection in the British Museum is stated to have been found ‘‘ seven 
feet below the surface in alluvial deposits under bog oak trees at 
Clonbourne, King’s County.’ 

A portion of the left zygoma is lost. The two canines and the 
fourth premolar and first and second true molars are preserved in the left 
maxilla, and the ultimate grinder in that of the right side. The mo- 
lars and alveoli show indications of carious disease. The skull may have 
belonged to an aged female, or a small male. It is an inch and three 
quarters shorter than the Leitrim specimen, with which, and the Shan- 
don one, it agrees in the cranial characters and the last molar ; whilst 
the fourth p. m. is also biturbercular, thus correlating all their points 
of distinction. 

6. A cranium, in the Museum of Science and Art, Dublin, was 
discovered ‘‘in cutting away a new channel for the Boyne above 
Leinster Bridge, in the county of Kildare.” Other bones are stated 
to have been found at the same time, but have not, however, been 
preserved.” The skull is dark, and, like the bones from the deposits 
of Loch Gur, contrasts in that respect with the other skulls from the 
shell marl and clays. Moreover, this skull is much smaller than 
any of the foregoing, being two and a-half inches shorter than the 
Leinster cranium. The coronal ridges are not well develoved, and 
although the sutures are closed, it evidently belonged to a female or 
adolescent male. The zygomata, incisors, ultimate true molar, to- 
gether with the first and third of the right maxille, are wanting. 
The alveolus of the first premolar of the right side is completely obli- 
terated, which is not by any means common unless in the gigantic 
cave Bear, where it is very generally absent. 

The fourth premolar and successional molars are present in the 
right maxilla, and are not much worn. The last molar has the round 
posterior portion of the crown slightly contracted, with the three 
cusps on the outer side of the grinding surface, and is much of the 
same size as in Ursus fossil’s and U. ferox. It is 34 x 20 millimetres. 
The contour of the zygoma cannot be ascertained, but the posterior 
mares are wider than usually noticed in Ursus ferox. This cranium 


33 Mr. Denny, from such obvious discrepancies in the cranial ridges, has described 
them as specific distinctions, whereas they are mere conditions relating to age 
and sex. 

%* Catalogue of the Industrial Exhibition of Dublin, 1853, p. 152. 

%° Wilde, Proceedings of the Royal Irish Academy, vol. v., p. 58, Appendix, and 
HOlmvile py Lol) fie. 
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has been supposed, on account of its small size and dark colour, to 
have belonged to the Ursus arctos ; but although smaller by a good deal 
than the usual cranium of Ursus fossilis, it is equal to that of a Grisly 
Bear, with which it is closely related in having a tricuspidated last 
molar. 

Mr. Busk, F.R.S., referring to several of these crania in his Re- 
port on Buxham cave,* unhesitatingly places them with Ursus fossilis 
sive Ursus ferox fossilis, and, as far as I have seen, this is the only form 
represented by the ursine remains hitherto reported from Ireland. 
The absence of the Brown Bear, or rather of any cogent evidence ot 
the animal either in a fossil state or historically,” is noteworthy as 
compared with the Brown Bear of Scotland and England. But the rela- 
tionship between Ursus ferox and Ursus arctos is very close, not only as 
regards the fossil but also the recent individuals; so much is this the 
ease, that individuals are indistinguishable by external appearances ; 
and as to their dentitions and osteologies, Mr. Busk shows in his very 
exhaustive account of the Quaternary fauna of Gibraltar, that the 
ursine remains from Genista cave indicate that they belonged to a 
Bear “closely related to Ursus fossilis sive priscus, or to a form inter- 
mediate between it and the Ursus arctos var. isabellinus.’’? Indeed no 
recent carnivore presents more well-marked varieties than the Ursus 
arctos, as differentiated by external colouring, but the isabelline variety 
of the Himalayas and Turkestan presents a more warty or porcine- 
like grinding surface of its molars than is ordinarly observed in the 
species elsewhere. This condition, I have no doubt, from extensive 
observations of the above variety in its native haunts, is the result of 
altered conditions of life; inasmuch as the isabelline Bear, unable 
to capture the agile animals of the Alpine regions it frequents, is 
-driven to subsist almost entirely on roots of plants, and other vegetable 
food; hence its timidity as compared with the Ursus feror, which still 
continues to follow’the Bison. 

How far the wider posterior nares in the Brown Bear, as compared 
with Ursus ferox, and in particular Ursus speleus, may be the result 
of natural selection, giving a more extended surface for smell, on 
which the recent Brown Bear depends almost entirely in discovering 
the presence of his most deadly enemy, and also in supplying a con- 
dition favourable for free respiratory action, under the trying circum- 
stances in which the animal is now placed, is a point on which it 
seems to me one is free to speculate, when we come to consider the 
severe struggles for existence to which an omnivorous plantigrade 
like the tardy Bear has been subject to throughout the Tertiary Epoch. 


°6 Philosophical Transactions, vol. clxiii., p. 632. 

37 Bede, obiit 735, a.v., asserts that the Wolf and Fox were the sole large car- 
niyora of Ireland. St. Donatus, odiit 840, a.p., writes ‘‘wrsorum rabies nulla est 
ibi;”? and Sylvester Jerald Barry does not mention the animal. 

88 Transactions of the Zoological Society, London, vol. x., p. 65. See also Allen, 
Op. Cit., p. 384. 
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Tue Wotr (Canis lupus). 


The Wolf is included among the Irish pleistocene Mammals, as 
shown by the discovery of bones and teeth in Shandon cave along 
with the Mammoth, Reindeer, Horse, &c.* It was only exterminated 
at the beginning of last century.” 

Vulpine remains identical with the recent Fox, C. vulpes, were 
found in Shandon cave with the foregoing and the other extinct 
mammals already enumerated. I found its teeth and bones also in 
the more superficial deposits, accompanied by bones of Horse, Rein- 
deer, Red Deer, Hare, &c. 


AupIné Hare (Lepus variabilis). 


A cranium and several bones of a Hare found in Shandon cave, along 
with vertebree and molars of the mammoth, show shorter and stouter 
shafts of the long bones than appear in the fossil Hares from Kent’s 
Hole, and the recent Lepus tinudus, which is not known to have been 
indigenous to Ireland. The probability therefore is that, as the | 
same parts of Lepus variabilis display similar characters, and the so- 
called variety Z. Hibernicus being the Hare of the island, it has ap- 
peared to me that the above might belong to the latter." Traces of 
the teeth of a Rodent of about the dimensions of a Rat were evident 
on the Mammoth, and other remains from the cave of Shandon, but 
none of its remains were found. 

A comparison of the Irish and Scotch lists of Post-tertiary mam- 
mals shows an absence in Ireland of the Elk, Roebuck, Urus, Beaver, 
Hare, Water Rat, Red Field Vale, Meadow Mouse, Common Shrew, 
and Mole. 

The Bear of Scotland was presumably, and very probably, the 
Ursus arctos, but none of its remains have been preserved ; consider- 
ing, however, its affinities to Ursus fossils, the absence of the Brown 
Bear from the Ivish fauna is not very important. The Wild Cat, 
Weazel, and Foumart are also absentees. 

As compared with England and Wales, there is a marked absence 
in both Scotland and Ireland of the two species of Rhinoceros, Hip- 
popotamus (?), Bison, Musk Sheep, and ancient Elephant, pouched 
Marmot Pika, Lemmings, Dormouse, Scandinavian Vole, Champagnol, 
The Lion, Sabre-toothed Lion, Panther, Lynx, Caffre Cat, Arctic Fox, 
Spotted Hyzena, Glutton, and gigantic cave Bear. 

It is important to observe that all the living and extinct mammals of 
Ireland, with the exception of the Ursus fossilis, have been recorded 
also from Scotland ; that is to say, there is no mammal, recent or lost, 
in the island which is not also found in Scotland. 


39 Author, Transactions of the Royal Irish Academy, vol. xxvi., p. 227. 

40 The Wolf was exterminated in 1710, and was very plentiful in 1652; Smith’s 
History of Kerry, 173; Champion, Lombard, &c., &c. 

41 Adams, Transactions of the Royal Irish Academy, vol. xxyi., p. 228. 
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To the absence of the Lions, Panther, Spotted Hyena, and gigan- 
tic cave Bear may be owing the seeming prevalence of the Irish Elk 
in Ireland; but at the same time it is important to bear in mind that 
the quantities of remains of this ruminant have been obtained under 
conditions clearly indicating that the individuals had been drowned in 
lakes which, during the Post-glacial Period, must have been extremely 
plentiful throughout Ireland, whose physical aspect would have been 
then inimical to such as the Marmot, Lemmings, Pika, Bison, and 
Urus, which delight in broad pastures and grassy uplands. 

But the probability is, that the migration came from Scotland, 
and that there was a land communication between the two countries 
at the close of the Glacial Period, by which the greater portion of the 
mammals that had found their ways to Scotland crossed to Ireland. 
Irrespective of the soundings between northern Ireland and south- 
western Scotland, there is evidence of the remains of the Mammoth, 
‘Reindeer, Irish Elk, and Horse having been found in similar deposits 
in Ayrshire, Renfrewshire, Lanarkshire, and bed of the Clyde. The 
Trish Elk has been found in the Isle of Man, and a jaw and teeth of 
the Mammoth in the harbour of Holyhead, whilst on the other hand 
the caves of Glamorganshire have produced nearly all the English 
Post-glacial mammals not met with in Scotland or Ireland; conse- 
quently, if an uninterrupted land communication existed between 
south-western England and Wales, and Ireland, at the close of the 
Glacial Period, we should expect to find remains of these character- 
istic mammals, which is not the case. Again, the animals we do find 
are, for the most part, vagrant species such as the Horse, Mammoth, 
Reindeer, Red deer, Bear, Wolf, and Fox,” so that the severance took 
place before the slow travelling Mole Beaver, the forest-haunting Eli 
and Roebuck had time to arrive. It has been suggested by my friend 
Professor Hull, F. R.S8.,* that there may have been a narrow channel 
between the islands, and that the mammals swam across, or arrived 
on ice-rafts: but looking over the list of the fauna of Ireland, it seems 
to me that nothing short of a direct land union will meet the require- 
ments of the case. 

Excluding the Cetacea, marine Carnivora, and the Chieroptera, it 
will be found that out of twenty-eight recent species affecting England 
and Wales, twenty-six are indigenous to Scotland, and fifteen to Ire- 
land; whereas of thirty-two extinct species hitherto recorded for Eng- 
land and Wales, ten have been found in Scotland, and only seven in 
Treland. 


42 According to Thompson, out of eleven British Amphibians and Reptiles, only 
five have been found in Ireland, including the Agile Lizard, two Tritons, and two 
Frogs, and about the same proportion characterises the lower groups, to wit, the 
air-breathing Mollusks and land Arthropoda. 

43 ¢ Presidental Address,” Jowrnal, Royal Geological Society of Ireland, 1875, 
vol. iy., (N. 8.), p. 62. 
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XVII.—On tue Formation anp Composition oF some Comprex OxipEs 
oF Copatt and Nicxer. By Tuomas Bayrey, Associate Royal 
College of Science, Ireland. i 


{ Read, June 25, 1877.] 


WHILE preparing standard solutions of nickel and cobalt salts for the 
purposes of a research on the colorimetric relations and on the colori- 
metric estimation of those metals, I was endeavouring to use a modifi- 
cation of the method of estimating nickel and cobalt, indicated by 
Bunsen', depending for their determination on the iodine liberated by 
the higher oxides of these metals in contact with hydrochloric acid, 
and potassium iodide. The method was as follows:—The solution of 
the nickel or cobalt salt was made alkaline by soda and then mixed 
with excess of sodic hypochlorite obtained by the action of cold 
-dilute sodic carbonate on fresh bleaching powder. 

After allowing the slightly warm solution of nickel or cobalt to 
stand some time, so as to ensure complete oxidation, the temperature 
was raised until brisk effervescence ensued, and the solution allowed 
to remain at that temperature until the excess of hypochlorite was 
decomposed. When the evolution of oxygen had ceased, the liquid 
was boiled for about half an hour. I found that by this process it is 
easy to destroy all matter, except the oxide, capable of liberating 
iodine on treatment with potassic iodide and hydrochloric acid. The 
solution having been cooled, it was mixed with excess of potassic 
iodide, and then with enough hydrochloric acid to dissolve the 
suspended oxide. The liberated iodine was then estimated by a 
standard solution of sodic thiosulphate (Na, 8, O,). 

In the first experiments I used a standard solution of nitrate 
of nickel, and calculated the nickel from the iodine set free according 
to the following equation :— 


Ni, O; + 6H.Cl = 2Ni Cl, + Cl, + 8H,0. 


The results were not satisfactory, as will be seen from the following 
Table :— 


Nickel used. Nickel found. 
erams. erams. 
*1570 "1437 
:1570 -1580 
*1570 *1465 
*1570 “1568 
*1570 *16389 
°1570 *1541 


1 Ann. Ch. Pharm. Ixxxyi. 265. 
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Besides these analyses there were several which yielded a far less: 
quantity of nickel. The same method was then applied to cobalt, 
with this difference, that the solution was boiled only for a few 
minutes, as I found that length of time sufficient for the decomposition 
of the last traces of hypochlorite. The amounts of iodine liberated 
were much greater than would be due to the oxide Co, 03, while they 
agreed perfectly with an oxide Co; O;, thus :— 


Cobalt used. Todine liberated. Theory of Iodine 
for Co305. 
grams. grams. grams. 
"1865 "5938 °5343 
"1865 °0380 °5343 
°1865 "9028 "0043 


I now repeated the experiments with nickel, taking care to boil 
the liquid only a minute or two. In one or two instances it was not 
boiled, but the precipitate filtered off and washed. ‘The results were 
as follows :— 


Nickel used. Todine liberated. Theory of Iodine 
for Ni305. 
grams. grams. grams. 
*1570 "4428 4521 
0785 *2263 "2260 
°1835 ‘0018 "9284 
1570 *4490 °4521 


With a mixture of :1863 gram. cobalt, and :1835 gram. nickel :— 


Todine found. Theory for Iodine due 
to Nis O; & Coz Os. 
grams. grams. 
1:0552 1:0627 


In the last case the oxides were not boiled, but the solution was 
allowed to stand over the steam bath for a few hours. 
‘With solutions of known quantities of nickel, I now made the 
following experiments. The solution with the suspended oxide was. 
boiled for some hours. 


BayvLey—On Complex Oxides of Cobalt and Nickel. 103 


Nickel used. Iodine found. Theory of Iodine. 
for Ni3 O4. 
grams. grams. grams. 
71835 -2009 "2642 
"1835 "1812 -2642 
"1835 °2321 2642 
1835 °3310 *2642 
"1835 2830 "2642 
"1835 PeoGo 2642 
"1835 "1069 "2642 


In the last experiment the solution was boiled for a few days. 

A quantity of cobalt nitrate was now mixed with soda and sodic 
hypochlorite, and allowed to stand in a warm place until effervescence 
had ceased. The precipitated oxide of cobalt was then well washed 
with warm water and dried, till constant, under the air pump, over 
strong sulphuric acid. 

A sample of this oxide was then submitted in succession to various 
temperatures. The results were as follows :— 


grams. grams. 
Oxidentakenwy. <-« 9278 (Co;,0;, 4H,0%. 
Oxide dried at 100° C, . °8760 Theory for Co;,0;, 3H,0, . :8770 
Pee 138°C, . -8298 PU Co.On 2H On a-s063 
Zs PeeolOe, < -7548 i op. COD, ALO, 5 Para 


After this experiment there was an appearance of change on the 
surface of the oxide. 


grams. grams. 


Oxide after ignition to redness, . 6840 Theory for Co;0,, . 6798. 


Another portion of the same sample :— 


grams. grams. 
Oxide dried at 100° C, . °4070 (=Co;0;, 3H,0). 


Oxide after ignition | — .3195 = Theory for Co;0,, “3154. 
to redness, 
Another sample prepared in the same way, but left longer over the 
air pump: 
grams. 


Oxide taken dried over H,SO, . °7083. 


The oxide was now heated to low redness in a tube in a current of 
R. I. A. PROC., SER. II., VOL. III.—SCIENCE. I 
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dry oxygen, and the water given off collected in a tube filled with 
calcium chloride. The oxide was afterwards ignited to bright redness 
in air. 


grams. 
Calcium chloridetube, . 65°3250 
Cale. chl. tube + water, . 65°4680 
-1430 = OH, 
grams. 
Oxide after ignition in the tube, . +5493 
Oxide after ignition in air, | ooo 


The results of this experiment are compared below with the theory 
for Co,0;, 4H,O. For a reason which will be seen further on, I have 
added the theory for Co,0;, 3H,0. 


Theory for Coz305, 4H20. Found. Error. 

grams. grams. grams. 

4H,0, . 1549 "1428 . —:012 

Co;0;, . °d5384 0493 . —-004 

Co,0,, . °5190 : 0293 =. «+:013 
Percentages. 

Co305, 4H20. Found. Co203, 3H20 
OH;,. =< 21-86 20°16 24°54 
Co;0,, . 73°27 74°68 73°05 

95°18 94°84 Sica9 


Winkelbleck obtained an oxide in the same way as I prepared my 
samples, only that he boiled his with strong potash before washing it. 
He dried his oxide over strong sulphuric acid. According to him, the 
formula is Co,03, 3H,O. His results were as follows :— 


Per Cent. 
= cA = 
Per cent. 
(1) (2) Theory. 
BO mua. 53°85 58°93 53°64 
30, oi ng OAL 21°46 21°82 


SHO, . .- 24:26 24°61 24°54 
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The question, which is the true formula of the oxide I obtained, is 
determined by the amount of iodine liberated by the oxide on treat- 
ment with potassic iodide and hydrochloric acid. According to the 
formula Co, O; 3 H,0, there should be liberated -402 gram by :1865 
gram of cobalt; according to the formula Co,0;, 4 H.O, °5343 grams 
should be liberated. I found in three experiments °5388, °5880, and 
*5328. 

When the oxide Co,0;, 4 H,O, obtained as described above, is 
boiled for an hour or two in the solution in which it is precipitated, 
and the amount of iodine liberated then estimated, the result points to 
the formation of the oxide Co,,0,, intermediate between Co,0; and 
Co.03. 


Co. taken. Theory of I. for Theory of I. for 


Co305 Co203 Found. 
eram. gram. gram. gram. 
"1865 °5348 4007 (1) 453 
i \~—_—~ 
Mean. (2) 463 
"4676 (3) "462 
Theory for Coi2019 _ Found. 
lod. gram. 
“0620 -1566 gram. °1556 


In the last experiment a fresh solution of cobalt, and a fresh solu- 
tion of potassium bichromate (to standardise the thiosulphate), were 
used. 

A quantity of the oxide of cobalt prepared by precipitating with 
potash and sodic hypochlorite, and bovling for some hours, then washing 
and drying over sulphuric acid 7m vacuo, was submitted to a current of 
air at a low red heat, and the water collected and weighed in a calcium 
chloride tube. The oxide was afterwards ignited to bright redness in 
air. 


grams 
Oxide dried over H,S0O,, *7455 
Oxide after ignition in tube (Co,,0,,), 6255 
Oxide after ignition in air (Co;0,), 5975 
Calcium chloride tube + OH,, 65°5900 
Calcium chloride tube, 65°4645 
1255 = OH, 
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Theory for Co;20i9, 11 H20. Found. 

grams. grams. 

OH, °1218 °1255 
C0201. 6236 °6255 
Co;04 *5940 5975 

Percentage. 

Theory for Coi20i9, 11 H20 Found. 

OH, 16°34 16°83 
Co,2015 83°65 83°90 


On attempting to prepare Ni,O; in the dry state by precipitating, 
washing, and drying zz vacuo, I found that the moist precipitate gave 
off oxygen as soon as the liquid in which it was precipitated was re- 
moved. The moist precipitate was allowed to stand some days, and 
then left over the air pump for about a week, in order to allow time 
for this change to be complete. Owing to some interruption, I have 
as yet had time to prepare only one sample by this means. The results 
of the analysis agree closely with the formula Ni,O,,,9 HO, one-ninth 
of the water being lost at 100°C. 


Oxide taken. Theory of Iodine for Found. 


NisOu, 9 H20. 
grams. grams. grams. 
Dried over H?SO, °1705 °1607 "1661 
“se A Be °2012 °1896 °1895 
ss ale 53 "2375 °2238 °2248 


Oxide taken. Theory of Iodine for Found. 
NisOu1, 9 H20. 


grams. grams. grams. 


Dried at 100°C.  -2080 °2005 *2026 


The water in this oxide was determined by igniting the oxide in a 
platinum boat in a combustion tube, and weighing the water lost by 
means of a calcium chloride tube. 


Oxide taken. Theory for Found. 
grams. NisOu, 9 H20. grams. 
8728 | "1748 grm. OH, 1775 

Per Cent. 


OH, 20:039 20°34 
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Per Cent. 
Theory for NigOu, 9 H20. Found. 
grams. grams. 
NiO 74-02 (1) 74:15 
(2) 74-29 
Summary. 


Under the influence of the hypochlorite solution nickel and cobalt 
form the oxides Ni;O; and Co;0;. On boiling the liquid containing 
Co,0; it loses oxygen, and passes to the form Co,.0;,, intermediate be- 
tween Co,0; and Co;0;. Under similar circumstances, Ni,0; appears 
to decompose without forming stable lower oxides, although it is pro- 
bable from the results that the formation of Ni,0, is a stage in the pro- 
cess. The oxides Co;0; and Co,,0,, appear to be stable at a low red 
heat ; they are distinguished from Co;0, by a slight difference of colour. 
Co;0; has the following hydrates :— 


Co,0;, 4 H,O (dried over H,SO,), - 
Co;0;, 3 H,O (dried at 100°C), 
Co;0;, 2 H,O (dried at 138°C), 

and probably, 
Co;0;, HO (dried at 300°C). 


Ni;0; decomposes while still moist when its precipitating liquid is 
removed by washing. In the one experiment which was made, the 
resulting dried compound agreed closely with the formula Ni,O,,, 
9 H,O. I have found that, when Co,0;, 4 H,O is treated with cold 
dilute nitric acid, part is dissolved with evolution of oxygen, and that 
, part remains insoluble. I hope, in a future Paper, to give the results 
of some similar experiments undertaken for the purpose of determining 
the proximate constitution of these oxides. 

It may at first sight appear that the formula Co,.0,, is inadmissible 
on account of its complexity, but as the iodine method clearly shows 
that the oxide is exactly intermediate between Co;0; and Co,0s, and as 
the formula Co,,0,, is the simplest formula for such an oxide, it would 
seem that we must accept it, especially when we consider the tendency 
of cobalt tc form compounds vieing in complexity with many of the 
products of organic chemistry. It may be that the application of the 
iodine method to the examination of the oxides of other metals would 
lead to the acceptance of formulee more complex than those now admit- 
ted. The two oxides of cobalt described in this Paper, and indeed 
other oxides of cobalt, may be represented graphically by rings some- 
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what analagous to the well-known benzine ring of the aromatic car- 
bon compounds. Thus :— 


Co 
SHEN 
OO 
ff X 
Co;0; = Co—O—Co = Co’0 21Co xe, 
| \\ 
O O 
O O 
i i 
Co—O—Co—O—Co 
/ \ 
O O 
if. \ 
Co Co=0 
/ \ 
O O 
| | 
O = Co Co 
| | 
Co~015 = O O =5Co’0, 7Co O, 
Uo C52 O 
\ / 
O O 


\ 4 
Co—O—Co—O—Co 
i i 
O ) 


This investigation was conducted in the Chemical Laboratory of 
the Royal College of Science, Ireland. 
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XVIII.—On tut Atpuminom Marters, AtcoHoL, AND PHOSPHATES, IN 
THE Burton Ares anp IN Dustin Porter. By Reetvatp Law- 
RENcE and C. W. Remy, Associates of the Royal College of 


Science. 
[Read, June 25, 1877.] 


Tue two kinds of malt liquor, Burton Ale and Dublin Porter, are so 
largely consumed at the present time, that it appeared to us desirable 
to have the three classes of Dublin porter, as manufactured by Messrs. 
Arthur Guinness & Son, and the Burton ales, manufactured by the 
two most noted brewers, Messrs. Bass and Allsopp, examined under 
the same conditions. 

The samples of the Burton ales examined we obtained from Messrs. 
Falkner, of this city, and we are greatly indebted to the kindness of 
Messrs. Arthur Guinness & Son for supplying us with the samples of 
porter we required for our investigation. 

We confined our examination to the estimation of the principal 
constituents :—the phosphoric acid existing in the form of phosphates, 
the albuminoid matter and alcohol, together with the acetic acid, the 
total amount of solid matter, and the specific gravities of the different 
samples. 

The phosphoric acid was determined in the ash by a standard solu- 
tion of acetate of uranium ; in the estimation of the albuminous matter, 
acetic acid, alcohol, and total solids, we followed the plans given by 
Messrs. Jackson and Wonfor.! 

We may add that. the quantity of albuminous matter was deter- 
mined by first finding the amount of nitrogen by Will and Varren- 
trapp’s method, and then taking 15-92 parts of nitrogen as equal to 
100 parts of albumen. 

Our investigations show that some of the principal elements of 
nutrition are present in larger quantities in the Foreign and ordinary 
Dublin Double stout than in the Burton ales. 

This investigation was carried on in the Laboratory of the College 
of Science, under the direction of Professor Galloway. 

The following are the quantities of the substances we estimated, 
“expressed in grains per gallon :— 


1 Messrs. Jackson and Wonfor ‘‘On the Composition of the Dublin Porter.’— 
Journal of the Royal Dublin Society, vol. iii., page 163. 
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XIX.—Compvration oF Tinrs at Freerwoop.—Rersutts or THEoRY 
AND OsseRvatTion. By James Pearson, M. A., Ex-Scholar (15th 
Wrangler), Trinity College, Cambridge. 


[Read, November 12, 1877.] 


In resuming the consideration of the subject of the tides, it is not my 
intention to enter at any greater length into the theory which has pro- 
duced results so closely in accordance with observation : it is sufficient 
for me to make some remarks on the principal cause of such discrepan- 
cies as are found to arise where tables have been used which are based 
upon that theory—and amongst these disturbing influences, the pres- 
sure of the atmosphere ranks foremost. A very simple process may be 
employed to establish this. It is found that, in the same month, but 
in different years, the same, or nearly the same, constituents have to 
be employed in computing a tide; and as like causes produce like 
effects in nature, the resulting tide ought to be the same in both eases. 
But it is not so, and the variation is found to depend on the height of 
the mercury in the barometer, or, more correctly, on the magnitude 
and direction of the gradients indicated in the weather reports issued 
in the newspapers. Another disturbing element is that which depends 
on the suddenness with which the pressure shifts its direction. Thus, 
a south-east wind rapidly changing into a south-west wind causes an 
unusual elevation of the level of the Irish Sea. Two examples may 
serve by way of illustration. In the first case there are exhibited 
two tides which have very nearly the same constituents, and which, 
in consequence of the atmospheric conditions being the same, give re- 
sults both agreeing with observation. The heights are given in feet 
and inches. 


Case I. 
| | 387 6, Sept. 3, Morning Tide, | STK Aug. 23, Morning Tide, 
Sete lunar and Solar. Anti-lunar and Solar. 

, G, Th, sia fies ft Gy TN. Sa fies 
MoongseRransit, Boo. ||) 1) 10) 39 ZOOM En LiL O jako 25, 4 
Corr. for Anti-lunar, . aL il + 1 
Moon’s Hor. Parallax, 540 4m — 7 ye BY" - 11 
Anti-lunar Declination, 18° 12’N.des. —7 | 20° 41°N.des. —10 
Solar Declination, . 8° N. +4 12°N. + 4 

| 24 8 obs. 24 8 | 24 0 obs. 24 0 
| Bar. 299. No wind. Bar. 29:8. No wind. 
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Case II. 
| 1876, Sept. 10, Morning Tide,| 1877, Aug. 21, Morning Tide, | 
| Lunar and Anti-solar. Lunar and Anti-solar. | 
| a bh. m ft. in| 4, fh. Suen 
| Moon’s Transit B, .. 8 3 380 23 2 29 3 50 22 
Corr. for Lunar, : +65 5 
Moon’s Hor. Parallax, 57). 88" + +7 55 50 -3 
Lunar Declination, . 20° 0’ N.ase. — 4 19° 23’ N. ase. -—2 
Anti-solar Declination, Buse +5 9° §S. +4 | 
94° Bobs. 24 3 |, 23 7 obs. OOM at| 
Bar. 29°7. No wind. Bar. 29:6. Wind N.W., 
strong. 


It is to be observed that, in Case II., although the tide of Sep- 
tember 10 has almost all its constituents more favourable to its. 
development than those of August 31, still, in consequence of the 
atmospheric conditions, a higher tide results in the former case than 
in the latter. ; 

In the computation of tides, the first thing which is of importance 
is, that we assign to each tide its proper classification. The transit 
which is to be employed, as a sort of standard transit from which 
tides are to be calculated, is the transit next but two preceding that 
transit which is nearest to the time of high water of the tide con- 
sidered. This transit is, in fact, the transit B of Sir John Lubbock’s 
Tables. The rule for determining the classification for the tides of 
the Irish Sea is as follows :—‘‘ Lower transits B are followed by 
lunar tides, and upper transits B by Anti-lunar tides. All transits B 
which take place between 233 hours, and 114 hours (apparent Green- 
wich time), give morning tides; and all between 114 hours, and 
23% hours (apparent Greenwich time), give evening tides. All transits 
B, after 6 hours, and before 18 hours, are connected with solar tides ; 
and all transits B, after 18 hours, and before 6 hours, with anti-solar 
tides.”’ 

A tabulated comparison of the results of theory and observation is 
appended, with remarks on the atmospheric conditions in explanation 
of such discrepancies as are found to occur in them. 
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TABULATED RESULTS. 


| 


Tats Monte Calcula- | Observa- Remarks. 
ter > tions. tions. p 
Kyening. Barom. and Wind. 
1876. ft. in. ft. in. 
August 8 M. 26°7 ZONOM 30S. WE. 
E. 2522 24:5 
9 M. 26°5 25°10 30:1, W. 
E. 25:7 24:7 
10 M. 26:2 25°5 3071, W. N. W. 
KE. 23°11 23-7 
11 M. 25°4 24:9 30°3, E.S. E. 
E. Doro 23°3 
12 M. 24+1 23°9 30:2, E.SE. 
1De 22:5 22-4 
13 M. 23:0 22°10 30:0, E.S. E. 
E. Miler 21:6 
14 M. 21-5 PAL 7 30:0, W. 
EH. | 20°3 20°5 
15 WE) oi Sopra hor 30:0, N. W. 
KE. 21:0 21:0 
16 M. 21:8 21:9 30:0, E. 
1B. 22°6 22°6 
lz M. 23°4 23:3 30:0, E.S. E. 
1B 24°10 24°10 
18 Wi DS 25:4 29:9, BR. , 
1Be 26°8 26°7 
19 M. 26°10 26°7 29-9, K.S. E. 
E. 28-2 28:2 
20 M. 28:0 27:9 29:8, N. E. 
E. — — 
21 M. 29:2 29:0 IS), Wish 1Dp 
19, 28:3 27:9 
22 M. 29°4 28°9 29-9) Wi: N. W.. 
1DY 27°9 27:8 
23 M. 28°5 28-4 2928) Wists, Wis 
Ihe 26°10 26°9 
24 M. 26:9 26°11 | 29:8, W.N. W. 
E. 25°3 25°8 
25 M. 24:9 24:7 30:0, N. N. E. 
E. 23°5 23°5 
26 M. 22°10 Dare 30:0, S. W. 
E. 21-4 22:6 | Strong wind, S. W. gale. 
27 M. 20:9 21°6 29:1, W. 
E. 19:9 19:9 
28 M. 19:1 18-11 29°8, S.S. W. | 
E. 189 19:4 Wind high. 
29 M. 18:5 19:9 29°5, W. 
E. 19:1 19:4 
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Morning 
Date. and 
Evening. 
1876. 
Aug. 30 M. 
E. 
31 M. 
| EK. 
| 
Sept. 1 M. 
E. 
2 M. 
E. 
3 M. 
E. 
4 M. 
E. 
5 M. 
| E. 
3 |) Ag 
E. 
O M. 
E. 
8 M. 
E. 
9 M. 
| KE. 
HO 4 
| de 
11 M. 
E. 
PA" ES 
E. 
13 M. 
E. 
14 M. 
EK. 
15 M. 
EK. 
16 M. 
EK. 
17 M. 
E. 
18 M. 
E. 
19 M. 
E. 
20 M. 
E. 
Sept. 21 M. 
EK. 


Calcula- 
tions. 


bo bo bo bo dO 
TOU HH Or z 
1c Ww Ob 


wb bw bw bo 

BISODD 

DN RrRr OD 
= © 


nN bo 
~I 


Boas 
te) 
° 


TIFANSCHDAOEG 


WNNNNNMNNHNWhHbhkh 
CO TH TT Or Or CO DO 


bbb bb bt 
BIND P 
O& Mato Oo 


Observa- 
tions. 


oe 5 
DrRwco 


Browoanheod AAS 


bo bo dw bw wb bt 
TO OD HR Ore HR 


tag CO CR CO SO 
PRWwWwWRReEBROrOo® 
i) So 


oe 


ry 


WNONNNNNNNNNNHNNNNNNNNNHNHNHHYW 
oO 


AADAMWKWAAWNWrROSDOSHPYY 
ADOT OMrR OR QR BRRaTAT 


bo bob bb 
DATO I 
Gr st cor © 


Remarks. 


Barom. and Wind. 


29:5, S.W. 
29:6, W.N. W. 
29-7, W. 
29-7, W.N. W. 
29:7, W.N. W. 
29:8, N. W. 
29-8, N. W. 
29-8, W. 
29:8, W. 
29:7, 8. E. 
29:6, 8. 
29:7, 8. W. 


Bar. rising. 


30-0, W. 


| Bar. 30°1. 


Bar. 3071, W. 
30:2, S. E. 
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Date. ne Calcula- Observa- Remarks. 
Kyening. tons. UICHS. Barom. and Wind. 
1876. ft. in. ft. in. 
Sept. 22 M. 26:3 26-4 | 30:0, S. E. 
E. 253 25:3 
23 M. 24-4 24:5 29:8, S. E. 
EK. 23:8 24:0 
24 M. 22°4 22°6 Bar. falling. 
E. 21:8 22:10 | Bar. 29:9, 8. E. 
25 M. 20:5 21:3 29:5, 8. W. 
E. 19°8 19:9 
26 M. 18:7 18-7 29'8, S. 
12 18-6 18:7 
27 M. 17:6 17°6 29:6, W. 
E. 18°8 18-8 
28 M. 18-7 18:8 29:6, E. 
E. 20:2 20:3 
29 M. 20:4 20:5 29:4, W. 
E. 21-10 22-0 
30 M. 21:10 21:9 29°6, N. E. 
106 24:9 23°5 Gale N. N. E. 
Octau a M. 23:8 23:5 29-6, N. E. 
K. 25°5 25:1 Bar. rising. 
2 M. 24-11 24°5 30:1, E. 
iE 26:9 26:4 
3 M. 25°11 25:11 | 29°8, B.S. E. 
1D} 27:9 27:9 
4 M. 27:3 27:2 29:7, S. E. 
E. 28°6 28:4 
5 M. ai as 
E. 27-1 27:4 29:8, E. S. E. 
6 M. 28:2 28-1 29'8, S. E. 
1, 27:0 HA | 
7 M. 27°3 27°6 29°8, S. E. 
E. 26:1 26:6 
8 M. 25:10 26:2 29:9, S 
E. 24-7 24°11 
9 M. 24:3 24:7 Bar. fallen. 
E. 22-11 24-4 Bar. 29:4, S. E. 
10 M. 22:4 23°5 29-4, S. W. 
EE 21:3 23-1 
11 M. 20:6 21:4 W. gales. 
E. 20:7 23:3 29-1, S. 
12 M. 21:0 21-4 29°5, S. 
E. 21:8 22:6 
13 M. 22:4 22:11 | 29:6, S. W. 
E. 23:9 O4 Ts al 
14 M. 24:3 24-7 29:5, S. 
E. 25°8 26°3 
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N ing | ! 
Date. wea ~| Caleula- | Observa- | pera 
Evening.) tions. tions. | Barom. and Wind. 
1876. | ft. in. ftsvins |} 
Oct. 16 M. 26-0 25°10 FAST Sh 
E. 27:0 22 ined 
16 M. 27:0 27°5 29-6, 8. E. 
| HE 28°3 28°3 
defen eMle 27°8 27°38 | 29:6, S. E. 
K. 28°3 28°5 
18 M. 27:9 27:9 29°6, S. E. 
EK. 27:10 27:9 
19 | M. —_ — 
EK. 27:1 26°10 | Bar. 29°8, S. 
20 M. 26°6 26:1 Bar. 30.0, 8. E. 
penis 25:10 25°9 
21 M. 25:2 25:0 30°1, N. E. 
| KE. 24°10 24:2 
22 | M. 23°7 23°4 30:2. 
(aes 23°3 22°11 
ay Neve 21:7 21:6 
ebrs 21:9 21:9 
24 M. 20:2 20:2 30°1, S. E. 
E. 20°3 20:6 
25 M. 18°7 18°7 30:2, S. E. 
E. 19:3 19:4 
26 M. eT 176 30°3, S..E. 
E. 19:3 19:2 
27 M. 18°8 18°5 30:3, S. E. 
E. 20°5 20:3 
28 M. 20:1 19:10 | Bar. rising. 
E. 22-0 21°7 Bar. 30:3, 8. E. 
29 M. 21°10 22-0 Settled. 
E, 23°9 23°5 30°3, S. W. 
30 M. 23:°6 23°6 30°2, N. W. 
E. 25°7 25:2 
31 M. 25°1 24°5 Bar. 30°3, W. 
E. 26°11 26:0 Bar. 30°4 
Noy. 1 M. 25°11 25°7 Bar. 30:4, N. E. 
E. 27°5 PAO) 
2 M. 26°6 26-6 | 30:3, N. W. 
E. 27:10 27°8 
3 M. 27-1 27:3 30°2, S. W. 
1d — —— 
4 M. 27:7 27°5 30°3, W. N. W. 
EK. 26:'8 26:7 
5 M. 26°8 26:5 | 30°3, W. 
E. 25:9 25:11 | 
6 M. 25°5 25°5 30°3, W. 
E. 24°6 24:6 


rrr eee reer eres er ey 
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Lay 


Morning 


PRESSES SEE ee P RR  eelS ele ee ee  eete eie e 


Caleula- 
tions. 


21:3 


WNNNPNNMNNHWNMWNWNWhN hb tv 
BHD AG HE HE o> 2 1 19 
bo DOF OO Oo AT AT OOO PO 


SSSAWHONSAWAKASDHA 


BDOWe RW WRN OR DOO SOR ht COCO HE Or 
i=) 


IPDNN NNN NHNHNNNENENYENNNNNYNYNYNNW 
ATH GAAS 


Observa- 
tions. 


ft in. 
23°8 
23°4 
22°0 


DAT CD OD HD : 


WDwNwWNyNyNNHNNyry 
DODBHSOSATAKEE 


= 


DNNWNNWNHWNHNNHNNNFPNENHPNHNNHWNMNMNNWNWNW LHL bw 
= 


SACRE SAS SASSO SWORE AAS S 
ADMDRPUIUIDARPONIWNNRFOWWWWROMNOAODoWorl 


Remarks. 


Barom. and Wind. 


Wind W., slight. 
30°3, N. E. 
Bar. 30:2, 8. E. 


| 30-1, N.E. 


Frost. 

30:2, N. E. 
Bar. fallen. 
29°9, 8. E. 


BPTI 1B 


| 29-3, BE. 


29:6, E. 
Bar. fallen, S. S. W. 


| 294, S. E. 
| 29:3, E.N. E. 


S. W. 


Bar. 29-7, S. 
Gradients. 
Southerly. 


| 29°7, 8S. We 


| Bar. 29:9, W. 
| 30-1, S. E. 


S : 


| 301, 8. E. 


29:8, S.E. 
29-6, 8. E. 
29:5, S. E. 


29:4, S. E. 
Wind E., slight. 


| 29-3, N. 


29-4, W.S. W. 
29-5, 8. 


| 
| 
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Date. Baring Caleula- | Observa- | Homarke: 
Evening tions tions. Barom. and Wind. 
1876. {caketes Gin’) |j..y fkgins 
Dec. 1 Mo i) | 2610) | 26:11 Si Bareetallens 
pl seid 28:5 | Bar. 29-2, S.E. 
2 Mi | 27-5 27-6 
Wee a APUG 26°11 | Gale N. E.; bar. 29-0. 
3 MS —_ == 
E. | Pathe) Mie OCH Bar. fallen ; wind S. W. 
4 | M.- | 27:8 |, 28:5 | Bar. 2879) 
Bee) |. 26714 | 2828-09 ee otormy. 
Sum eee e266 27-6 | Bar. 28-5. 
E. 26:2 Digienel 
6 Mee |v ie2or2) le e2icG vale GalepssaWe 
Bee | 20:2) | eo iO) we lebargo8-os 
7 Me |) 2453) Sale 2or0 Unsettled. 
E. | 240 | 253 ~| Stormy. 
8 We 22°11 | 23°6 29:65 No Wee 
TDs Py DST lp «len 
Oia Me 62950 223 | 30-0, W. 
1 GX) 23:6 | 
10 | M. | 22-7 22-7 | 80-1, S. W. 
EK. eas 3er| 2EPT || 
11 M. 22°10 | ea2oct 30:0, S. 
E. fe DRG | | DRS 
12 MS) 2 20ca eae 29:6, W.S. W. 
1B | ORT 24:0 | 
1) 4 i ee Oe fe BA |), O88), 
ide 243) | 2459) Bar stallent 
eh ea OLS ol Oeil | O77, 5). 
1 gpm heii SRE 1) a ORGS cl 
15 M. 251 Seon E29. Geass 
E. 24:8 24-8 | 
NG Migs Oe 25-4 | 29-7, 8 
1 aes PEST | 
17 Wks = = | 
lee iii Da. || BAB. IS 
| Sie Nie |) 24-6 24-2 | 29-5, S. E 
| DPA). DED | 
GY ES a SOS ORT |) SOS S 
E. 24-10 | 25:0 | 
20 | M. | 23:3 | 23:3 | 
1d a) Peels Sa) Bar. fallen, 28:9. 
21 Whe if PP} 22:6 | Bar. steady. 
E. 2339) 2s Gale W. 
22 | M. 29:3 | 29:5 | 28-9, W. 
EK. 23°3 | 23°3 
93 | M. o-7 || O14 || 29-1, S. 
E. DOE Soap |b PETS | 
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| 
Morning | 
and Calcula- Observa- 
Evening. tions. tions. 
ft. in. fi. in. 
M. 21-0 20:2 
E. Dill PAIS} 
25 M. 20°6 19°5 
i. 21:10 20-10 
26 M. 20:9 19:8 
EK. 22:4 21°5 
27 M. 21°8 23 
EK. 23°1 23°11 
28 M. 23:0 23°4 
K. 24°5 24-4 
29 M. 24:9 24:7 
1B 25°10 27:0 
30 M. 25:10 26°9 
1, 26-11 PHOT | 
3l M. 27°5 29-6 
E. 27-10 29:0 
1877. 
Jan. 1 M. — — 
1D6 28-4 29°7 
2 M. 28°3 27:8 
E. 28:5 28°8 
3 M. 27:10 DES 
E. Dielel 27:6 
4 M. 27°71 27:0 
1B, 27-0 28:9 
5 M. 25:10 26°6 
E. 25:10 27:0 
6 M. 24:4 25:0 
E. 24:3 25:5 
7 M. 22:9 24-9 
EK. 22°6 25:0 
8 M. 21:10 23°1 
é E. 21°56 22°8 
9 M. 21:4 22-0 
| E. 21-1 21:9 
| 10 M. Dil 21:6 
E, 21°4 21°6 
iil M. 22-2 D222) 
1B 22-0 222 
12 M. 23°1 23°3 
lB. 22-9 22°6 
13 M. 23°11 24-1 
18 23°4 24-0 
14 M. 24-8 25°4 
E. 24-0 2a°1 
15 M. 25:6 25°4 
EK. asay Ese 5 


Remarks. | 


Barom. and Wind. 


Wind E. ; frost. 
29-4, S. E. 
29-6, N. E. 


” ” 
301, E. 


Bar. falling ; gale. 
S. W.; 29:4. 
29-4, S. 


29:05. Wi. 
Bar. falling ; gale, S. W. 


28-8, S. 
Wind W.; Bar. rising, frost. 


Gale, S. E. 


9 9) 


Bar. falling ; wind S. W. 
Bar. 29:0; S. W. 


9 9 
” ” 
Bar. 28°8 ; stormy. 


High winds, Ss. 
Bar. 29:1; storm, S. W. 


a) 


29-4, 8. W. 


29:9, S. E. 


29:9, N. E. 
Settled and cold. 
29-0, E. 


Bar. falling. 

Wind S. 

Signal flying ; Bar. 29:0. 
High wind. 

29:87 NenWic 
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1] ni | | - 
| Date. ae Caleula- | Observa- Remarks: 
‘Evening. tions. tions. Barom. and Wind. 
| 
1877 ft. in ff. in. | 
} dein, 16 M. 24:10 24 29:9 Ss 
| E. 26:1 26:2 
| U7 MS Fl 25-0 95:1 | 29-7, S. 
| fie ID 26:1 26:1 
1S) soo: 24:8 24-9 | Bar. falling fast. 
E. 25-9 27-0 | 29-5, 8. W. 
19 M. 24-4 24:8 Unsettled. 
E. 25-6 27:0 | Gale, S. W. 
20 M. 23°10 23°4 °| Sudden rise of Bar. 
E. 25:0 24:10 | 30-1, 8. 
ill M. 23°2 22°11 Bar. 30°3. 
K. 24°3 24-1 Wind W. 
22 M. 22:2 21:10 | Bar. 30-4, S. 
E. 23-2 29:7 aie 
| 93 | M. 21°3 91:5 | 30-4, 8. E. 
E. 21:10 22-1 Bar. falling. 
24 M. 20°7 20:11 | 30:0, 5S. 
| E. 21-1 rae) = | Ps 
| 25ers 20:7 21-5 | Gale, W. 
| 1Db 21:7 21:9 30:0, S. 
26 M. 21:9 20:10 | Gale, W.; Bar. 30-0. 
E. 22°10 22-7 a 
| 27 M. 23-4 24:2 | Wind S.; Bar. falling. 
EK. 24:7 24:3 Sudden rise, 30-0. 
28 M. 25°4 27°6 Gale, W.; Bar. falling. 
| E. 26-4 27-8 .| 29-8, 8. W. 
| 29 Wis op Bros 27°6 Wind W.; Bar. rising. 
| E. 27°10 29-0 Gale; S: Wi; 29:9: 
30 M. 28°9 31-0 Hurricane, 8. W.; Bar. 29:0. 
Dy = 
Sih) Ni 28-9 28-2 Bar. sudden rise to 30-0; 
| E. | 29°5 29°6 [aN W 
| | 
Venbie sae M. 28-9 29:4 Sudden fall of Bar. 
| K. e291 29°5 29:8, S: W. 
9 | M.: | 27:9 28:0 | 29-7, 8. 
Pe pe SEO) 28-11 | Further fall. 
Sie Ne 26'S 27-4 Wind 8. W. 
1 Paes 28°5 29-8, S. W. 
Aa eM fell grads 9 25:8 Gale, W. N. W. 
WS a ioaeo 24-6 | 29-9, W. 
5 M. | 23-0 23:3 30°71, W. 
E. | 22-2 23°3 
6 | oM.. | 21-0 21:0 | 30-0, S. 
Bigeye |parezOe2 21°5 Bar. falling. 
7 Mee eel O79 20:3 Wind high. 
edges 19°5 | 30:0, W. 
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ates eae 5! Galeula- | Observa- Remarks. 
Eyening.| tions. tions. Barom. and Wind. 
1877. ft. in. ctu see| 
Feb. 8 M. 19:8 19°6 30-1, W. 
135 19°8 20-0 
9 M. 20-7 20°10 | 30-1, S. W. 
E. 20°6 21°6 Bar. falling; wind S.W. 
10 M. 21-9 22°6 | Wind high. 
E. 21-10 22-2 29:8, 8. W. 
11 M. 23°6 24:9 Gale, S. W. 
i. 22-9 23°3, Bar. still falling. 
12 M. 24:7 26'7 
E. 23°10 24:6 29:6, 8. W. 
13 M. 25°7 Zope e20-6 sn Wie 
E. 25:0 25:0 
14 M. 26:7 26:11 | .29-7,-S. 
E. — — 
15 | M. 25:8 25-11 | 29:8, 8. 
E. 27:3 27°5 
16 M. 25:10 26:1 >| -29-6,)S: 
E. 27:3 2is4. 
17 M. 25°7 ots | PBS Nia 
E. 26:9 26:0 Wind W., strong. 
18 M. 25:0 25:0 Bar. 30-0. 
E. 25°10 25°7 ne alls 
19 M. 24:1 24:5 Wind N. W 
E. 24-8 24-11 | 29-9, W. 
20 M. 22:11 25-6 Gale N. W.; Bar. 29-4. 
E. 23-4 25+6 ‘ ¥ 
21 M. 21-6 24:0, Stormy ; Bar. rising. 
i. 21:10 20-4 Wind N.E.; Bar. 30-0. 
22 M. 20-1 19°6 Wind N.E.; Bar. 30-2. 
E. 20°5 20°8 Nee 
23 M. 19-6 17'8 Wind N.; cold. 
K. 20:6 20:3 30:0, N. W. 
24 M. 20:10 21-2 High wind, W.N. W. 
E. 22:0 22:6 Bar. falling. 
25 M. 23°3 24-6 Gale, N. W. 
K. 24°5 24:7 Bar. 29:2. 
26 M. 25°9 25°6 Wind N. 
E. 26:3 26:0 Frost. 
27 M. 27°8 27°8 29:8, N. W. 
E. 27°11 27-7 5 
28 M. 29-2 28°8 Hard frost; wind N. 
K. 28°9 28°3 Bar. 30:1. 
March 1 M. — — | 
E. 29°10 29-8 Wind §.; Bar. falling 
2 M. 29:0 28°11 | slowly. 
E. 29:9 29:8 | 301, 8. 
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l 
Mornin 
Date. ae g| Calcula- Observa- ETERS. 
Evening.) tions. tions. Barom. and Wind. 
1877. ft. in. ft. in. 
March 3 M. 28-0 28-0 30°71, S. W. 
EK. 28-4 28-7 29-9, S. 
4 M. 26°6 26°6 29-958: 
E. 26:3 26-4 29:9, N. W. 
3) M. 24°8 24°6 
E. 23:10 23°8 29:9, N. W. 
6 M. 22-7 22a 30:0, N. W. 
E. 21:6 21:8 Bar. falling; wind N. W. 
7 M. 20:7 20-8 29-6, S. 
E. 18-11 Viet Gale, N.; Bar. 30-0. 
8 M. 18°5 17:0 Wind N., . 
E. 17-4 16:6 *, <5 
9 M. 18°5 18-0 x 
E. 18-2 18-0 30°1, E. 
10 | M. 19:8 196 | 301, 8. 
E. 19°6 20:0 30°71, S. W. 
11 M. 21°5 21:6 30°15): 
E. 21:3 21:3 
12 M. 23:2 24-2 30:0, S.W. ; fall of 3 inch. 
E. 22°9 23°6 Strong gale. 
13 M. 24:8 24-9 Rising ; wind N.N. W. 
E. 24:2 24:6 Gale, N. W. 
14 | M. 26-0 26-4 eS 29-7. 
E. 25°3 25-0 x 
15 M. 27-2 212 29-6.) We 
E. 26:4 27:0 Gale, W. 
16 M. 28:1 27-7 Wind N.N.W., 29:0; Bar. 
E. — — [rising. 
17 M. 26-10 26:2 INO INS Wese2oso- 
E. 28-1 27°3 N. 
18 M. 26°6 26°6 
E. 27°3 27-1 
19 M. 25:9 25°6 
E. 26°3 26:0 
20 M. 24:7 24-7 Frost, 29:8. 
E. 24:8 24:10 | 
21 M. 23°5 2371) SNe Broo 
E. 23:3 23°6 
Dial eNIe ate 22-0 29-4 | 
| 386 | 20:3 PSY | 
23mm We PADS | PADLY 8., strong; 29:3. 
LB, 199 | 20-9 
24 M. 1928 i 20:0 
| (ease 20:8 20:8 
| 25nn\! =M, 21°55 | 20:10 | S.E., gale. 
| E. 22°93 Palete 22-2, 5 
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A Moning | Calcula- | Observa- Remarks. 
Evening. Wong: MDT) Barom. and Wind. 
1877. ft. in. ft. in. 
March 26 M. 23°10 23°11 
E. 24°10 25°3 S. Wind, strong. 
27 M. 26-4 26°7 33 3 
E. 26°11 27°5 Stormy. 
28 M. 28°1 28-3 3 
E. 28-1 28-1 
29 M. 29°3 29-2 
E. 28:10 28°8 | 
30 M. 29°5 29:2 
E. — — | 
31 M. 28-10 28°8 | 
E. 28°10 29-1 iW. 
April 1 M. 27°11 27°7 N.N. W., cold. 
E. 27:4 27:6 
2 M. 26°3 26:6 W.S. W. 
E. 25°4 25-7 
3 M. 24-5 25:4 Bar. falling fast; signal fly- 
E. 23-2 23°11 | Bar. 29:3. [ing; wind S. 
4 M. 22:9 23°11 5 PHY: 
E. 21-4 29-1 an ee 
5 M. 20°8 22°3 Unsettled. 
E. 19-2 19-11 és 
6 } M. 19-1 20-0 rs 
E. 17-9 18:3 i. | 
7 M. 18-10 18°11 | 
E. 18-4 18-4 
8 | M. 19-10 20-0 | 
E. 19°9 20:0 
9 M. 21°35 21:6 | 
E. 21-4 21-7 | 
10 M. 23°0 23:2 | 
E. 23-0 23-4 | 
1) M. 24-7 24-4 
E. JAC 3) |e 24:0 Bar rising. 
12 M. 20:0 eo: N., gusty. 
E. 25°85 25°3 
13 | M. 26-10 266 | | 
E. 26-0 26-11 | 
14 M. 27°3 26°6 8. E., strong; Bar. 30:0. 
E. 26° 26°0 45 : 
iis —— = 
E. Ped 26:7 S. E., gale; Bar. 29:8. 
16 M. | 26°7 } 26:0 5. K., bb) 29°8. 
} TB A 9 SPST) lh | etsy E. . me Nase 
aie NE. F5Aiee | 2573 | on = ace 
EK. 25:9 29°2 H., Bar. 29:8: 
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Date on : Caleula- | Observa- toma 
Evening.) tions. tions. Barom. and Wind. 
1877 ft. in. ft. in. 
April 18 M. 24:9 24:9 
EK. 24:3 24:3 
19 M. 23°3 23°3 
E. 22:9 22°8 
20 M. 22-1 22:3 
E. 21:4 21:4 
21 M. 21:0 21:9 S. W.; Bar. falling. 
E. 20°6 20:9 Unsettled. 
22 M. 21:2 21:4 
E. 21:2 21:3 
23 M. 22°4 22°2 
E. 23:0 22:11 
24 M. 24:0 23°9 
E. 24-7 24:6 
25 M. 25°11 25°7 S. E.; 29-8. 
EK. 26:2 25:10 | S.E.; 29:9. 
26 M. 27°2 26:7 8. E., strong ; 30:0. 
E. 26-11 26-7 | S.E.; 29:8. 
27 M. 27°6 26:11 | S.E., strong; 29°8. 
E. 271 26°11 ge 25 (950), 
28 M. 27:4 27°3 
E. 27:0 27:0 
29 M. -— —- 
EK. 27:0 26:10 
30 M. 26'8 26°5 N., frosty ; 29:8. 
E. 25:8 25:9 | N.W.; 30:0. 
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XX.—-Discussion oF OBSERVATIONS FOR DETERMINING THE PaRALLax 
oF THE PraneTaRY Nesuna, 37, H. IV. Mapbr wirn tue Sourn 
EavarorraL at Dunstnx. By Francis Briinnow, Ph. D., F.R.A.S. 


[Read, November 12, 1877. ] 


Ar the Meeting of the British Association for the Advancement of 
Science, held at Edinburgh in 1871, Mr. Gill read a Paper on the 
“Parallax of the Planetary Nebula H. IV., 37,” for which he had found 
a value of about two seconds. However, the number of his observa- 
tions was so small, that it seemed to me advisable to make a longer 
series of observations of this interesting object, in order to examine 
whether such a large parallax really existed. The observations were | 
commenced immediately after my return home on August 13, 1871, 
and were continued to August 6, 1872, with some interruptions 
owing to my absence from the Observatory during the months of 
January and February, 1872, and again during part of April and May. 
They are, therefore, not as numerous as I could have wished, but still 
are sufficient to show that the nebula has no large parallax. 

The nebula appears as a somewhat elliptical disk whose major 
axis is about half a minute, and has in its centre a well-defined point 
resembling a star of the eleventh magnitude. I compared this centre 
in declination with a star of the tenth magnitude which precedes the 
nebula by 25 seconds, using exactly the same method of observing 
as that adopted in my former series of observations on the parallax of 
stars. I also used a faintly illuminated field, as I could make the 
bisections of these faint objects more accurately with dark wires than 
in a dark field with bright wires. Of course, I observed only when 
the atmosphere was sufficiently good to show the central point dis- 
tinctly. 

The observations I have obtained are as follows :-— 


Ad expressed AS , 
Date. in rev. of the Therm. Anan: Weight. 
screw. 
1871. 
August 15, 6°95815 55°°0 62561 
A 15, 6°95670 54 -0 62 °551 
a3 25, 7°025385 00 °5 63 °176 | 
5 27, 6°98780 52 °0 62 -834 | 
September 11, 6°99955 53 °0 62 -939 
- 12, 698115 54:0 62 -773 
a 13, 6°98390 52 °0 62 °799 
| i 21, 698320 | 42-0 | 62-813 
| 
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Ad expressed | 


Date. in rev. ofthe! Ther. ome 
sae | seconds. 
= 
1871. | 3 
September 23, 6°95920 40°-0 62”-603 
oa 28, 697930 | 42-0 | 62-779 
October Us 6°99335 39 °5 62 -910 
: 20, | 699180 | 41-0 | 62-894 
di 21, | 7:00335 | 44-5 | 62 -990 
f 24, | 699310 | 43-5 | 62 -900 
November 5, 6°99390 37 °0 62 -921 
- 22, | 698395 | 38-5 | 62 -827 
December 16, 6:99230 | 387-0 62 -907 
é 19, | 699590 | 39-0 | 62 -933 
: 20, | 697100 | 37-0 | 62-716 
1872. 
January 6, 6°97640 35 °0 62 °767 
March dy 7°02915 42-5 63 -227 
fe g, | 701055 | 37-0 | 63-071 
ef 14, | 701730 | 39-0 ! 63-126 
4 17, | 701220 | 39-5 | 63 -080 
April 3, 7°00625 30 °0 63 -034 
9 12, | 7:01195 | 40-0 | 63 -077 
‘i 13, | 700485 | 41-0 | 63-011 
May 31, 7°00490 44 -0 63 -004 
June 3, 6°99815 44 -0 62 -943 
As F 7°00085 45 °5 62 :966 
July 14, 6°98540 56 0 62 -806 
August 2, 6°99450 52 0 62 -896 
ei 6, | 699410 | 53-0 | 62-891 


Weight. 


ok 


The observed apparent differences of declination must first be cor- 
rected for refraction and aberration, and reduced to a mean equinox, 


for which I chose as epoch the beginning of the year 1872. 


The 


effect of refraction is in this case very small, and nearly constant, as 
is shown by the following Table, because all the observations were 


made at considerable altitudes :— 


Hour Angle. 


wnore © 


Corr. for Refr. 


+ 0”°019 
+0 018 
+0 -°018 
SOMOS 


“ID Oo 


Hour Angle. 


Corr. for Refr. 


+ 0-018 
+ 0-018 
+0 :021 
+ 0 :026 
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The effect of aberration, nutation, and precession, is given in the 
following Table, which has been computed from the formule on page 
38 of Part [.1:— 


Reduction to Reduction 
Date. Mean Aé. | Date. Mean cae 
Smale 1872. 

August 7°7, — 0-050 February 9°5, + 0-014 
eh 77) 0 -044 4 19°5, 0 -010 

a 27°6, 0 -088 He 29-4, 0 -006 
Sept. 6°6, 0 :0382 March 10-4, + 0-001 
m1 16-6) 0 -026 i 20;4, ie 04-005 

hs) 2635: 0 -019 Hi) B0;8) 0 -010 
October 6°, 0-013 | April 9°3, 0-015 
ie 16°5, 0 -007 Nite 19-3; 0 -019 

uy) 2675; «| — 0 -001 nl) ORE, 0 -023 
Nov. aay, + 0 005 May O25 0 -026 
| 1534, 0 -010 Bey) 19-2. 0 -028 

a) 2574: 0 -014 yd) OR 0 -029 
December 5°4, 0-018 June 8'1, 0 -030 
Ri) 15:3; 0 -020 eal 0 -029 
5:3; 0 -022 Gay 28" 1 0 -027 

Mag §)735:8, 0 -022 July 8:1, 0 -025 
1872. as 18:0, 0 -022 
January 0°6, 0 -022 i 28°0, 0 -018 
A 10-6, OGO21G | Ancusty 14-0; 0-018 

+ 20:5, 0 -020 ue 0 al 7-0, 0 -007 
30:0; 0 -018 26-988 |) = 0)- 001 


From these Tables I found the small corrections for every obser- 
vation, which are given in the first two columns of the following 
‘Table, and by applying them to the observed values of Ad, given 

> above, I obtained the reduced values Ad, which are given in the last 
column of the following Table :— 


Date. Refr. Red. Sum. Ad. 
1871. 
August 13, + 0”:018 — 0”:046 — 07028 62-533 
33 15, +0 ‘018 — 0 :045 — 0 :027 62 :524 
“A 25, +0 :018 — 0 ‘089 — 0-021 63 °155 
ap PHT + 0-018 — 0 :088 — 0 :020 62 -814 
September 11, +0 :018 — 0 -029 — 0-011 62 -928 
RS 12, +0 :018 — 0 028 — 0 :010 62 °763 


| | 


1 Astronomical Observations made at Dunsink, 1871. 
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Date. Refr. } Red. Sum. } Ad. | 
1871. | | 
September 13, | + 07-018 | —0’-028 | -0”-010 | 62”-789 
21, | +0-018 | —0-022 | —0-004 | 62-809 | 
e 98, | +0-018 | —0-021 | —0 -003 | 62/600 
me 98, | +0:-018 | —0-018 | — 0 -O0OO Neo EanG 
October 7, | +0-020 | —0-012 | +0 -008 | 62-918 
Ey 20, | +0-019 | —0-005 | +0 OF Rez sans | 
is 21, | +0-022 | -0-004 | +0 -018 | 63 -008 
P 94, | 4+ 0-020 | — 0-002 %| + 0) 01S Megson | 
November 5, | +0-023 | +0 -005-| +0 -028 | 62 949 | 
i 22, 140-018 | +0-013 "| +0 0310) Megesss 
| December 16, | +0-018 | +0-020 | +0 -038 62 -945 | 
icy 19, | +0-019 | +0-021 | +0 -040 | 62-973 | 
43 20,. | +0-018 | 40-021 9) +0) -039R Gaza aen| 
| 1872. | yD | 
January 6, | +0-023 | +0-021 | +0 -044 | 62-811 | 
March 1, “+ 0-025 | 40-0059) +0 030 iGse-anee 
a 8, | +0-023 | +0-002 | +0 -025 m63n-o96 | 
i 14, |) + 0-024 | —0-001%! +0 0235 | "6xritoRe 
a 17, | +0:-022 |-—0-004"| +0 O18SiGsagsen 
April 3, | +0-018' | — 0-012 || +0 -00GReseesune 
i) 12, | +0-018 | —0-016 | + 0 ;0025| Seamus) 
i 13, | +0-018 | —0-017| +0 000) Mesmonn: 
May 31,, || + 07-018 | — 0-030! | = 0 012 Ri iiGzaa> 
June 5, | 40-018 | —0°030"| — 0-012 R exeaan 
a 7, \+0-018 | =0-030 | — 0 -O1OR aos 
July 14, | +0-018 | —0-023 | — 0) -005))\tezmsan 
August 2, +0:018 | —0°015 | +0 -008 62 -899 
fi 6," | +0018 | —0-014 | “40-004 Mazesas 


Ii we take then Ad, as a mean value of Ad, dA’ as the difference 
of the proper motions of the star and nebula, and denote the difference 
of the parallax of the nebula from that of the star by z, that of the 
constants of aberration for the two objects by « every observation 
will give us an equation of the form : 


0 = Ad, -Ad+d. Ad, + ¢. dA’—b. R. cos (O +B). 7-5. sin (© + B). x. 


The values of the constant quantities B and 6 were found from the 
well-known formule 


B = 270° — 19’, 6 = 1:0000, 


the latter value being equal to unity, because the nebula is close to 
the North Pole of the Ecliptic. 
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Taking, then, for Ad, the value 62-900, and computing the values 
of the coefficients of dA’, x, and z for every observation, I obtained 


the following system of equations of condition :— 


Date. 
Sale 
Aug. 13, 

3 15, 
”? 25, 
< 2Ue 
Sept. 11, 
ai, 
Sais 
”? 21, 
es 
3» «28, 
Oct. cp 
20; 
op edly 
”? 24, 
Nov. 5, 
92d, 
Dec. 16, 
”? 19, 
20, 
1872. 
Jan. Ge 
March 1, 
9) 8, 
| 9? ca 
9? ie; 
Apri, 3, 
pe 2; 
bi 13, 
May. 31, 
June 5, 
2) Us 
July 14, 
ee) 2, 
| 
} 


Equations. 


a, Ady — 0°382 dA’ — 0°778 « —0°637 7 =— 0"°367 


- 0°376 
—0°349 
— 0°343 
— 0°3038 
— 0°300 
—0:°297 
—0:275 
—0:270 
— 0°256 
—0°231 
—0°196 
— 0°193 
— 0-185 
—0°152 
— 0-106 
— 0-040 
— 0-052 
— 0°029 


+0:017 
+ 0-069 
+0°188 
+ 0°204 
+0°212 
°+0:259 
+ 0°284 
+0°286 
+0°417 
+0:°431 
+ 0:°437 
+ 0°538 
—0:°590 
— 0°601 


—0°798 
— 0°888 
— 0°908 
— 0°982 
— 0°985 
— 0-988 
— 1-000 
— 1-000 
= 07999 
— 0°968 
— 0°888 
—0°879 
— 0°854 
— 0°727 
—0°495 
— 0°092 
—0°0389 
—0°021 


+ 0°278 
+ 0°952 
+ 0°982 
+0°996 
+0:999 
+ 0°966 
+0°975 
+0°908 
+0°325 
+ 0°244 
+0:°213 
+ 0°3938 
— 0°659 
—0:°708 


—0:°609 
— 0°465 
— 0°434 
—0:°191 
—0°175 
— 0-158 
=0-022 
+0°013 
+0:099 
+ 0:°250 
+0:458 
+0°473 
+0°517 
+0°681 
+0°858 
+0°980 
+0°9838 
+0°983 


+0:°945 
+0°304 
+0188 
+0°086 
+0:°034 
— 0°257 
— 0°404 
— 0°420 
— 0-960 
— 0:984 
— 0:992 
=—O°935 
— 0:7638 
=0:716 


—0 


°376 
-255 
‘086 
°028 | 
“137 
SULA 
"091 
°300 
STIL 
"018 
"008 | 
"108 | 
°018 
049 
"042 
"045 
073 
7145 


089 
357 
‘196 
"249 
"198 
"140 
"7 
112 
092 
051 
054 
“099 
‘001 
‘005 


| Residual 


Errors. 


“002 
‘001 


In solving these equations according to the method of least squares, 
the weight of all observations, with the exception of that of March 1, 
1872, which is incomplete, has been taken equal to 1. 


I obtained 
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thus the following final equations for determining the unknown 
quantities :— 


+ 33:0000 d. AS) + 0°3172 x — 8°2603 d.A’— 1:270382 = +4 0"-2400 
+ 0-3172 ) 431498 4 4:6399 9 — 9°5263senOnmiT9 
— 82603 ,, +4:6399,,+20°5928 ,, + 0:1074,,=—+2 -4580 
= 1-27038 ,, -— 2°5263,,+ 01074 ,, + 19:-4156s.—eeOnsonG: 


The solution of these equations gives the following values :— 


d. Ad) = + 0/086 
dA’ =+ 0 :0978 
k=+0-112 
r=+0 °047. 


The errors which remain in the equations of condition after the 
substitution of these values are given in the last column of the pre- 
ceeding Table. 

The squares of the errors are thereby reduced from 0-899 to 07532, 
which gives for the probable error of one observation the value + 0-09, 
and for the probable errors of the quantities above :— 


(d.A8)) . + 0-018 
dd! . + 0 -0759 

k + 0-029 

7. + 0-030. 


BaytEy— On Colour Relations of Nickel and Cobalt. 181 


XXI.—On tHe Cotour Retations AND CotorimetTRic Estimation oF 
Nicxet anp Copatt. By Txomas Baytey, Associate R. C. Se. I. 


[Read, November 12, 1877.] 


Te fact will have been observed by chemists that solutions of nickel 
and cobalt salts are so far complementary in colour that, when they 
are mixed together, the resulting liquid, if moderately dilute, is hardly 
to be distinguished from pure water. I conceived this fact might be 
made the basis of a method for estimating nickel and cobalt, and, 
therefore, undertook the following experiments. 

A large hollow prism, filled with a moderately strong solution of a 
nickel or cobalt salt, was placed immediately in front of the slit of the 
spectroscope, and the thickness of the liquid traversed by the light 
was regulated by moving the prism until the eye could most clearly 
determine the dark absorption band caused by the metal in solution. 
On referring to the accompanying diagram, which shows the absorp- 
tion spectra of the two metals, it will be seen that cobalt and nickel 
are almost exactly complementary in their relations to light. The 
black band of cobalt is well defined at the edges, especially at the end 
nearest to the red, while the absorption bands of nickel are not so 
sharply defined, but fade away at each end. If the spectra were 
exactly complementary, on superimposing the nickel spectrum upon 
the cobalt spectrum, the dark part on the one would exactly cover 
the light part on the other. This, however, though nearly the case, 
is not exactly so, for the light band in the nickel spectrum overlaps 
the dark cobalt band at the end nearest to the red, although with 
diminished brilliancy. Consequently, when we employ a mixture of 
nickel and cobalt salts in solution, we do not get a uniformly dark 


| Spectrum of light a 
passed Chra:Nu: 


Pe of Light 
passed thro: Mi & Co; 


. 6 


Spectre uin m of light pressed oe Ge 


spectrum, but an excess of light coming through at the part where 
the overlapping occurs, as seen in the diagram. This is why the so- 
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lution obtained by mixing strong solutions of nickel and cobalt is not 
grey, but reddish brown in colour. 

Having so far demonstrated the complementary character of the 
two metals, I next endeavoured to find in what proportions they must 
be mixed in order to neutralize each other. For this purpose a tall 
glass cylinder (150 c. c. capacity), in which ammonia is estimated by 
Nessler’s method, was employed. Dilute standard solutions of pure 
nickel and cobalt having been carefully prepared, a measured quantity 
of cobalt solution was placed in the cylinder, and the nickel added 
from a burette, until the neutral pomt was reached. It is difficult 
by this method to distinguish the exact point of neutrality, but easy 
to determine that the colour coefficient of nickel with regard to cobalt 
lies between 3°1 and 3-2. That is to say, if a quantity of cobalt in 
solution be mixed with a solution containing 3-1 times its weight of 
nickel, the cobalt colour will shightly predominate in the mixture, 
which will have a reddish tinge; while, if a solution containing 3-2 
times its weight of nickel be added, the nickel colour will be slightly 
in excess, and the solution will have an olive green tinge. It is 
only with dilute solutions containing not more than about 2°5 grams 
of the metais per litre, that it is possible to determine the coefficient 
with this accuracy. 

I now sought for some method of indicating more exactly the neu- 
tral point. After several attempts it was found that the addition of 
ammonium carbonate to the solution of the two metals affords a 
means of determining whether the slightest excess of either metal is 
present. . 

Tf we take 25 ec. c. of solution containing :03125 gram of cobalt, 
and add to this 39:25 c.c. of solution containing :098125 gram of 
nickel, the resulting liquid appears perfectly colourless. If we now 
dilute the mixed solutions to 100 ¢.c. and transfer 25 c.c. of that 
solution, containing ‘0078125 gram of cobalt, and -02453125 gram 
of nickel, to a tall glass jar, add 25 ce. c. of the solution of ammonium 
carbonate, described hereafter, and then dilute to 150 c. c., the result 
is a liquid of deep purple colour. If we repeat this experiment, 
using in the first instance -03125 gram of cobalt, and -099375 gram 
of nickel, the colour of the 150 c. c. is not purple, but of a distinct 
blue colour. The ammonium carbonate for this purpose must be 
neutral, as the excess of either base or acid destroys the delicacy of 
the reaction. 

The solution of neutral carbonate (NH,),CO; was prepared as 
follows. A few ounces of the commercial carbonate having been dis- 
solved in water, 10 c. c. of the solution were neutralized by stan- 
dard solution of sulphuric acid. The quantity of NH, in the 10 c.e. 
was found to be (085 gramme. The quantity of CO, in an equal 
quantity of the solution was found to be in two experiments °348 
gram, and °350 gram (mean °349 gram): the amount of CO, required 
to form the neutral carbonate with ‘085 gram of NH, being -110, it 
follows that there was an excess of CO, equal to :259 gram in every 
10 c.c. of the original solution of commercial carbonate. To neu- 


BayitEY—On Oolour Relations of Nickel and Cobalt. 133 


tralize this, 18 grams of ammonia were required to be added to a 
litre of the commercial carbonate solution. This was furnished by 
61:7 c. c. of ammonia solution (of sp. gr. *880). 

T next endeavoured to determine whether the nature of the salt 
of nickel or cobalt has any effect on the reaction. For this purpose 
the following solutions were prepared :— 


» 1 c.c)=)-00125 erm: Co: 
NaCl alice csi 00257 orm Nis 
Ni(NOs)2 1 ¢.c. = °0025 grm. Ni. 
NiSO, 1c.c. = -0025 grm. Ni. 
Co (NO), 1 ¢.¢. = -00125 grm. Co. 
Co SO, 1le.c. = 00125 grm. Co. 


The method of proceeding was as follows:—In each of five 
cylinders 25 c.c. of the standard solution of cobaltous chloride were 
placed; to the first cylinder 39 c.c. of the solution of nickelous 
chloride were added; to the second cylinder 39°25 ¢.c., and so on; 
40 ec. c. of nickelous chloride being added to the fifth cylinder. Each 
cylinder was then made up to 100 c.c., and 25 c. c. out of each 100 
ce. c., were placed in a second series of cylinders. To each of the second 
series neutral ammonium carbonate (25 c.c.) was added, and then 
sufficient water to make 150 c.c. The results are expressed in the 
following Table :— 


Cylinder. Co used. Ni used. Colour. Rae Oe 
(1) 03126 grm. 09750 grm. | purple. 3°12 
(2) "03125 ,, "098125 ,, slightly purple. 3°14 
(3) |) 03125 4,0 (8'-098750 ,, between 21 4. 3-16 
(4) -03125_,, -099375 ,, | slightly blue. 3°18 
(5) | 03125 ,, | -10000 ,, | blue. | BAD 


In two experiments, using in the first solutions of Co Cl, and 
Ni SO,, and in the second solutions of Co Cl, and Ni(NO3)., I obtained 
exactly the same results, so that the foregoing Table expresses the 
results of these experiments.. Subsequently experiments were made 
with the same quantities of the metals in the following combinations, 
Co (NOs). with Ni SO, Ni (NO;). and Ni Cl, Co SO, with Ni (NO;)., 
Ni SO, and NiCl,. 

The results of these latter experiments were exactly the same as 
those of the first experiments, so that the Table does equally well to 
express them also. 

If the cylinders, after the addition of the ammonium carbonate, be 
allowed to stand, the differences of tint disappear in a few hours, and 
a uniform deep purple red tint is produced. This is caused by the cobalt 
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absorbing oxygen from the air to form the double compounds of cobalt 
and ammonia. A small quantity of a sulphite destroys the reaction, 
as it changes the tint to.a deep brown. Thiosulphates and some other 
reducing agents do not act in this way. 

These experiments lead to the conclusion that the colour coefficient 
of nickel with regard to cobalt is 3°16, in all cases, or, in other words, 
that the tint of nickel and cobalt solutions is independent of the acid 
radical in combination with the metals, and depends only upon the 
metal in solution. Itis evident that nickel and cobalt may be esti- 
mated by means of this reaction. As an example of its application to 
this purpose, I give the following account of the manner in which small 
quantities of nickel may be estimated. 

The nickel must be dissolved in an acid, and the solution diluted 
to any convenient quantity, e. g., 50 or 100 cubic centimetres. Into 
each of three cylinders -0078125 grm. of Co as Co Cl, is placed. This 
amount of cobalt is afforded by 6:25 c.c. of the standard Co Cl, solu- 
tion. Calling the cylinders No.1, No. 2, and No. 3, we place in 
No. 1, 024531 grm. of nickel in solution, and in No. 3, :0248458 grm. 
To the three cylinders we then add 25 c. ec. of the standard ammonium 
carbonate. Cylinder No. 2, which contains only cobalt solution and 
ammonium carbonate, is then made up nearly to 150 c.c., and No. 1 
and No. 8 are filled up to that quantity. Cylinder No. 1 has then a 
purple tinge, while cylinder No. 3 has a blue tinge. By adding from 
a burette the solution whose strength we wish to determine to No. 2, 
until its tint is intermediate between No. 1 and No. 3, we make with 
great accuracy the required determination. In all cases the cylinders 
should be held, whilst under comparison, with their lower extremities 
at some inches distance above a sheet of white paper. Three experi- 
ments, that by no means reached the highest limit of accuracy, gave the 
following results :— 


Ni in solution. Ni found. 

"02469 grm. (1) °02425 
(2) "02475 
(3) °02500 


_ 02466 = mean. 


It is evident that a similar plan of estimating cobalt would be still 
more accurate on account of the higher colour efficiency of that metal. 

The partially opaque brown solution obtained by mixing strong 
solutions of nickel and cobalt might, I think, be used for making 
standards for the purposes of colorimetrical analysis. For instance, the 
brown solution mixed with a few drops of potassic bichromate cannot 
be distinguished from Nesslerised ammonia. Probably the tests used 
to compare the solutions of steel, in Eggertz’s process for the estimation 
of carbon, might be made in a similar manner. They would have the 
advantage of being permanent. 


Hutcuinson—On the Estimation of Oxygen in Water. 185 


XXII.—On Scuurtzensercer’s Process For THE VotumETric Estima- 
TION oF OxycEn IN Water. By CuristopHer Crarxke Hurcninson, 


Royal Exhibitioner, Royal College of Science. 
(Read, December 10, 1877.] 


In judging of the character of a water for domestic uses, one of the 
most important points to be ascertained is, the question of its pollu- 
tion by sewage and other deleterious matters. 

The determination of this pollution, its extent and nature, is at 
present rather unsettled. Itis, however, believed by many chemists 
that a contamination, such as referred to, will exercise an effect upon 
the gaseous bodies held in solution in a water. It is the opinion of 
many, that the relative quantity of oxygen present in a water affords 
the key to its deterioration by organic matter; because it is unlikely 
that a large quantity of oxygen can be held in solution by a water 
containing oxidizable matter. Waters which contain their normal 
proportion of oxygen, in relation to their other gaseous constituents, 
would be regarded as free from sewage and decaying matter; a dimi- 
nution in the quantity of oxygen would indicate a corresponding 
increase in the amount of injurious matter present. 

The late Dr. Miller’s analyses of the gases present in the water of 
the Thames, at various points, clearly proved that as the amount of 
sewage increased, the amount of carbonic acid increased, and the 
amount of oxygen decreased. 

The Rivers’ Pollution Commissioners state in their sixth Report 
that thé proportion of oxygen in water is deprived of much import- 
ance, since it has been discovered that deep well waters, which cannot 
contain putrescent organic matter, contain little or no dissolved oxygen. 
The absence of oxygen in deep well waters may, however, be owing 
to its having oxidized and destroyed the organic matter the water pre- 
viously contained, during its percolation through the strata. 

In the presence of this conflicting testimony, I was induced to 
undertake an investigation, in the hope of throwing some light upon 
this important question—whether or not the amount of oxygen pre- 
sent is, or is not, an indication oF the freedom of a water from injurious 
organic bodies. 

In commencing the fragntiey I was desirous of employing some 
accurate, and yet ‘rapid, method, for the estimation of the oxygen 
present ; for although the gasometric operations by Bunsen’s method 
leave nothing to be desired in point of accuracy, yet on account 
of their somewhat tedious nature some other plan, if even slightly less 
accurate, but at the same time more rapid, would be desirable. 

Such a method as this I thought might be afforded by the process 
devised by. Schutzenberger for the volumetric estimation of oxygen in 
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oxygenated liquids.'_ As the estimation is made without the removal 
of the oxygen by boiling, and in the condition in which it exists in 
the water, such a plan would seem to be more desirable than its ex- 
pulsion from the liquid, together with the other gases held in solution, 
and their subsequent determination. 

I now proceed to give the results I have obtained by means of this 
volumetric process. 

Briefly described, the method consists in adding a known volume 
of the water under experiment to a solution which is capable of being 
oxidized (accompanied by a change of colour due to such oxidation) by 
the oxygen held in solution. The extent to which this has occurred 
is then determined, by the addition of a powerful reducing agent, 
which, acting upon the coloured compound so formed, reduces it to its 
former condition—the amount necessary being, of course, indicated by 
the reverse change of colour to that which occurred in the first in- 
stance. This last solution being standardized in terms of the oxygen 
it is capable of taking up, from the amount used in the experiment 
we atrive at the volume of oxygen contained in the volume of water 
taken. 

The re-agents used I will now describe, with the method, and 
proportions for their preparation I found most advantageous. 

The reducing agent used is sodium hyposulphite—not the com- 
monly so-called ‘‘hyposulphite,” but the sodium salt of the acid 
H, SO,; its formula as given by Schutzenberger is NaHSO.. I 
prepared this as follows:—A concentrated solution of caustic soda 
(Na HO), specific gravity 1-4, was taken; sulphurous anhydride (SO;) 
was passed through it, until the liquid was thoroughly saturated, and 
smelt strongly of the gas. The yellow liquid (which was kept cool 
during the process of saturation by immersion in cold water) is sodium 
bisulphite (Na H SO;) ; it increased slightly in bulk, and was reduced 
to the specific gravity of about 1°34. 100 grammes (75 cub. cents.) of 
this solution was then briskly agitated in a flask with 6 grammes of 
powdered zinc, air being excluded; an elevation of temperature 
occurred, the bisulphite being converted partly into the hyposulphite, 
together with the formation of sodium sulphite and zincic sulphite, 
according to the following equation : 


3 NaH SO, ae Zn = Na H SO, ar Na, SO, oF vA SO, + H.0. 


After agitation for about five minutes, the liquid was allowed to cool; 
400 cub. cents. of water recently boiled were added ; 35 cub. cents. of 
milk of lime, containing 200 grammes of CaO per litre, were also 
added, and the mixture allowed to stand until clear, when it was 
decanted off into well-stoppered bottles, and kept in the dark. 
The lime solution not only precipitates the zine salt, but also 


1 Bulletin de Chemie et Physique, vOl ix. 


Hurcuinson—On the Estimation of Oxygen in Water. 137 


renders the solution less absorbent of free oxygen, although it acts 
very rapidly upon dissolved oxygen. Before use this was further 
diluted with three times its bulk of distilled water, recently boiled. 

The liquid recommended by which the change of colour detects 
the completion of the process is either carmine indigo (sulphindigo- 
tate of soda, C,H, Na NOSO,), or Coupier’s aniline blue. 10 grammes 
of the carmine indigo are recommended to be dissolved in one litre 
of water, the product being kept in well-stoppered bottles also in the 
dark. 

An ammoniacal solution of pure copper sulphate is also recom- 
mended to be made, containing 4°46 grammes (or, more correctly, 
4-471 grammes) of the crystallized salt per litre. This is to be used 
for the standardization of the above two solutions. 

Since the reducing agent is so sensitive to the presence of oxygen, 
it is necessary to make the estimations in an atmosphere of pure hydro- 
gen. ‘To ensure the purity of the hydrogen, I passed it through a 
solution of nitrate of silver, in addition to the sulphuric acid, and the 
tube containing pieces of caustic potash. 

We begin by finding the volume relation between the indigo and 
hyposulphite. The burettes of the apparatus are filled, one with 
indigo carmine solution, the other with hyposulphite ; a rapid cur- 
rent of hydrogen is passed through the apparatus, a small quantity of 
warm distilled water added, and this coloured by the addition of a 
small quantity of indigo. We now add cautiously the hyposulphite ; 
the blue solution turns first green, and finally to a clear yellow tint. 
If the whole of the air has been expelled from the apparatus, the 
yellow tint will remain unchanged; the slightest trace of oxygen causes 
the surface of the liquid to become blue. A known volume of indigo 
(25 cub. cents.) is now added, and the hyposulphite solution again 
run in until the yellow tint appears, indicative of the reduction of the 
whole of the indigo. The colour change is exceedingly sharp, one 
drop being sufficient to change the colour from green to yellow. Tf 
the solution be acid, the blue colour changes first to red, and finally 
the yellow tint appears. 

We next require to find the reducing power of the hyposulphite 
in terms of oxygen, finding from this the amount of oxygen any volume 
of the indigo will yield. This being a stable solution, the hyposul- 
phite (being liable to change) can be readily standardized at any future 
time. 

Two methods can be used, by which this reducing power can be 
found : 

First. By finding the quantity necessary to reduce the ammonia 
copper solution, ¢.¢., the amount which brings the blue solution to a 
colourless state, by the reduction of the cupric to cuprous oxide, 10 
cub. cents. of this solution yields 1 cub. cent. of oxygen (0°C. 760 
m.m.s. pres.) to the reducer. 25 cub. cents. are operated on in 
a smaller apparatus, similar toe the one used for the water estima- 
tions. I find, however, that the colour change in this plan is so inde- 
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finite, and difficult, even to the practised eye, to detect, that the exact 
point cannot be determined with any degree of certainty. 

The second method consists in obtaining a pure water saturated 
with air, and then finding the quantity of hyposulphite capable of 
abstracting the whole of its oxygen. 

This water is obtained by agitating in a large flask about one litre 
of distilled water with free access of air; the agitation is continued 
for about a quarter of an hour. To find the amount of oxygen in a 
given volume of the water, I made the following formula, from the 
consideration of the relative quantity of oxygen present in the air, 
and its coefficient of absorption in water : 


v = 0:0262 x a,.x V x ca 
95 
in which we have 
» = vol. of oxygen in cub. cents. at 0° C. and 760 m.m.s. pres. 


a,. = coefficient of absorption of oxygen in water at temp. t°C., given 
by Bunsen’s Tables. 


V = volume of water employed, temp. t°C. 


P = barometric pressure in m.m.s. 


The relation between the saturated water and the hyposulphite is 
found in exactly the same way as the method, hereafter described, 
for the oxygen determination in waters. I found that, although the 
hyposulphite solution was about the strength recommended, the 
volume relation between it and the indigo, instead of being one to ten, 
was equal. As the indigo solution thus appeared ten times too con- 
centrated, I further diluted it for use. 

The following is an example of standardization by the above 
method. The apparatus was in every way regulated as described for 
water estimations :— 


Comparison of Hyposulphite™ and Indigo. 
Mean of five experiments gave 
25 cub. cents. indigo = 7 cub. cents. hyposulphite. 
Comparison of Saturated Water and Hgpasyiphite. 


Mean of five experiments gave 


75 cub. cents. of water = 2°4 cub. cents. hyposulphite, 
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from which is found 
25 cub. cents. indigo = 218-75 cub. cents. of water. 
temperature of water = 12°6° C. 
barometric pressure = 744 m.m.s. 
We therefore have 
v = 0:0262 x 0°031024 x 218°75 x ie = Iss) 5 


therefore 
25 cub. cents. indigo = 1°392 cub. cents. oxygen. 


T made determinations on different days, at different conditions of 
temperature and pressure. The following shows the quantity of 
oxygen 25 cub. cents. of indigo was calculated to yield in each case: 


Temp: | 12:6. C- 


— + 9 ¥ ‘ 
Pressure, 744 m.m.s. 1-392 cub. cents 


Memps.- Loi5o Ca obey 

Pressure, 771 m.m.s. = 1448 ,, » 
Temp. 14:75°C. Bigg 

Pressure, 752 m.m.s. = 1304 ,, ” 
iMicam wale cies iano OS: 


The small amount of variation, under widely different conditions, 
shows this method of standardization to be a reliable one. 

I now proceed to give the method for the estimation of oxygen 
contained in a water. Owing to the change which the hyposulphite 
undergoes, it is necessary that a comparison between it and the indigo 
should be made each day. After this has been done, and the appara- 
tus freed from air by means of the hydrogen, 200 cub. cents. of warm 
water (temp. about 50°C.) are then added; 50 cub. cents. of indigo are 
nowrunin. This I usually effected in portions of about 15 cub. cents. at 
a time, decolourizing each portion by means of the hyposulphite, thus 
utilizing this step for the comparison of the two re-agents; effecting 
thereby a saving of time and material. The liquid in the apparatus 
being now brought to the yellow neutral tint, a measured volume of 
the water under experiment is added—75 cub. cents. I found a con- 
venient quantity—taking care that no air is admitted at the same 
time. The bleached indigo will now become re-oxidised, turning from 
yellow to blue, in proportion to the amount of oxygen present in the 
water. The hyposulphite is now cautiously added, until we again 
arrive at the yellow tint, free from green; a single drop of the re- 
agent is sufficient to effect the colour change at the proper point. 
From the quantity used, we find the amount of oxygen present in this 
75 cub. cents. of water. The operation can be repeated over again on 
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another volume of the water, until the apparatus becomes incon- 
veniently full. I usually made from four to six such experiments in 
each case. The temperature of the apparatus must be kept at about 
50°C., by the addition of warm water at intervals; the amount of 
hyposulphite required becomes gradually less as the apparatus cools, 
giving the results too low. 

To test the accuracy of the method, I took a measured volume of 
the same water at the time of the experiments, expelled the gases by 
boiling, collected this gaseous mixture, and determined its volume and 
composition by the usual methods of Bunsen’s gasometric analysis. 

The following examples are taken, to illustrate the method of ana- 
lysis. 

Volumetric Method. 


Mean of four determinations gave 
25 cub. cents. indigo = 8°21 cub. cents. hyposulphite. 


This quantity of indigo we before found to yield 1°398 cub. cents. of 
oxygen. Therefore 


8:21 cub. cents. hyposulphite = 1°398 cub. cents. of oxygen. 
Mean of five determinations gave 
3°55 cub. cents. hyposulphite = 75 cub. cents. of water. 


From this we find the quantity of oxygen contained in 27420 litres of 
water—the volume used in the gasometric method. 
2°420 litres of water contain 19°505 cub. cents. of oxygen. 


Gasometric Method. 


Volumesused,)) })02). 05> 2 2s /-2°420Slatrest 
Temperature of water, . . . 13°C. 
| ie. | Omens 
i cs i ao 8 } 
Any era Ss g S : etl 
empera- | ao 78 
| Volume. | tuse | Pressure | S85 | gue 
injolG. a | Pe) 30 3 
| eae | ao 
| 3. 2 eon 
ope L 
| Total vol. of Gas evolved, .| 302°56 | 13-9 737 | 268-8 | 237-719 
| After absorption of COz, .| 316-149 | 14-9 745 | 229-2 | 193-959 | 
| 
\ After the admission of H, . | 503°6 14°4 765 55-2 | 439-066 | 
| After explosion, . . . .| 825°96 | 124 | 771 | 280°5 | 217-337 


ait 
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Percentage Volume Composition. 


Carhonic:acids = 2 se ek a ee L408 
Omayicen Pe tA Part ree tte ae, eee oleOO) 
EGOS CINE sy ce) es a seh ee ae We OULD OO 

ota ee eee | oer '99-909 


Absolute Volume Composition im Cub. Cents. 


Canpomieracids: )o th... 4 we bee ern OPQ 38 

ry OCD ee kee a) ee et eae de OA 

INTEROmeMS See i ya! | cee era Oe BROS 

GO tals eee os aae, © eR A eo oe OO. 
Cub.Cents. 

Volume of oxygen by Volumetric method, 19°505 

3 a 5, Gasometric — ,, 17°294 


Excess given by Volumetric method, 2°211 


Other samples from the same source were also experimented upon, 
the results being variable. 

Water of a different character to this last was also experimented 
upon, with the following result :— 


Volumetric Method. 


Mean of three determinations gave 
25 cub. cents. indigo = 7°25 cub. cents. hyposulphite ; 
therefore 
7°25 cub. cents. hyposulphite = 1-398 cub. cents. oxygen. 
Mean of four determinations gave 
3°42 cub. cents. hyposulphite = 75 cub. cents. water. 
From this we find 


2420 litres of water contain 12°486 cub. cents. of oxygen. 
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Gasometric Method. 


Wolumeused, ..- 3 92) 5 92> 2:420Mitres® 


Temperature of water, . . . 11°C. 
| Poa Orin 
Sed Ee g 
or g ° = = 
Volume. aur Frese e 3 A a Og 
in o° C. MELDED Ee eek 
= om oO S 
ESs Sac 
3 Saiheoue 
Ors © 
Total vol. of Gas evolved, . | 612-73 8-4 736°5 211°8 | 4038-95 
Gashused-mentemrcth .) ser eitoOOs04 84 736°5 211°8 | 243-294 
After absorption of COz, .| 240-16 8°8 729°5 327°5 | 128-0638 
After admission of H, . .| 364°97 8°8 729°5 187°5 | 258-313 
After explosion,. . . .}{ 261°2 8-7 729-5 296 141-584 
; | | 
Percentage Composition. 
Canbonicyacid, 0 24eo ree eee nalts 
Oxei Cen 250 a iene nee Sa ORS 
INGEO SEN i. wee. et eee oke ee ee ROOM ENEL 


Total we beac OU ORO 


Absolute Volume Composition in Cub. Cents. 


Carboniciacid’ 510) aes ae Oarples 
Onaga toe une MSles yo, Goo (6 ilébdril 
INatrogen! ss. Sea eee oe cles 

Total,” 3 (Se eee ete Ota o 


Volume of oxygen by Volumetric method, 12°486 
», Gasometric ,, , 14:471 


2) 3? 


Mifference; 2) ss Pega 


In this case the Volumetric method shows a ess volume of oxygen 
than the Gasometric method. This, I think, is attributable to the 
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large quantity of carbonic acid present; for, as Schutzenberger points 
out, when an acid is present in appreciable quantity, even such a weak 
acid as carbonic acid, the results given are invariably too low; hence 
this method would not be applicable, with any degree of accuracy, to 
waters in which a large quantity of carbonic acid is present. 

I made numerous determinations, from which the two foregoing 
examples are selected; but none of them showed any trustworthy 
results; in some cases the volume of oxygen obtained being in excess, 
and in others less than that obtained by the Gasometric method. 

The variability of the results led me to inquire into the source of 
these discrepancies, and how they might be avoided. 

Noticing that a change of colour in the yellow neutral tint seemed 
to occur to a greater extent than it should do on the addition of re- 
cently boiled distilled water, I made the following experiments. 

Distilled water was boiled in a flask fitted with a cork and exit 
valve so as to avoid contact with air, for over four hours. The appara- 
tus was prepared as usual with indigo and hyposulphite, the tem- 
perature being kept at 50°C. The boiled water, which was kept in 
well-stoppered bottles, was then added in successive portions of 75 cub. 
cents. at a temperature of 55°C. On each addition a blue colouration 
was produced in the yellow neutral liquid, just as if oxygen had been 
absorbed by the reduced indigo. The amount of colour change was 
determined as usual by the addition of hyposulphite. The mean of 
five experiments showed that 2:9 cub. cents. were necessary to bring 
back the yellow tint. This quantity was found to be equivalent to 
3°86 cub. cents. of indigo, or 0°201 cub. cents. of oxygen. 

Unwilling to think that this was due to oxygen which had been 
left unexpelled by ebullition, I boiled recently-distilled water in long- 
necked flasks, fitted with corks and exit valves, for over five hours. The 
apparatus was prepared as usual, but in this case water at 100° C. was 
used, and the body of the apparatus immersed in water kept at 100° C. 
Portions of 75 cub. cents. of water were removed from the flasks 
whilst in a state of ebullition, and introduced into the apparatus; each 
addition caused a change of colour from yellow to blue. The mean of 
five experiments showed that 1:25 cub. cents. of hyposulphite was 
necessary to destroy the colour. 

1:25 cub. cents. hyposulphite = 1°66 cub. cents. indigo = 0:08 
cub. cents. of oxygen. ; 

After boiling for over six hours, the water was allowed to cool, out 
of contact with the air, and in withdrawing portions from it coal gas 
was aspirated in, instead of air, so as to avoid as far as possible contact 
with oxygen. 

The same experiments were tried at the ordinary temperature 
(16°75° C.), and the same volume of water (75 cub. cents.) used. The 
mean of four experiments gave the colour change equivalent to 1:3 
cub. cents. of hyposulphite = 1°56 cub. cents. of indigo, or 0°087 cub. 
cents. of oxygen. 

The same experiments were now made at the temperature 0°C., by 
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cooling the boiled water previous to its addition, and immersing the 
apparatus in a bath cooled by a mixture of ice and salt. The results 
in this case were variable, the introduction of 75 cub. cents. of water 
requiring from 0-9 to 2°4 of the hyposulphite. I found this to be due 
to the length of time the apparatus was allowed to stand in the bath, 
after the introduction of the water: The longer the time, the less the 
quantity of the re-agent required to destroy the blue tint produced. 
To make certain that such a change did occur, I brought the liquid to 
the yellow tint, and then added a few drops of indigo, so as to produce 
a distinct green colour. On allowing the apparatus to stand in the 
bath, this gradually disappeared. I tried this several times, adding 
variable quantities of indigo in excess; but in all cases (within cer- 
tain limits), when allowed to stand in the cold water, the green colour 
was gradually replaced by the yellow tint, just as if a quantity of 
hyposulphite had been added. 

LT attempted to remove these errors by a modification in the method 
of procedure. 

The burette used for the indigo was replaced by a larger one (100 
cub. cents. capacity). After placing in the apparatus a quantity of 
indigo solution, expelling the air, and bringing to the neutral point 
as usual, a known excess of the hyposulphite was added. Saturated 
water, as before described, was then added from the large burette, so 
as to oxidize the excess of hyposulphite, and just tinge the liquid 
green. From the volume required, by using the formula before given, 
the volume of oxygen contained in this can be found; hence the equi- 
valence of the excess of hyposulphite in terms of oxygen. The same 
operation is performed with the water under experiment acting upon 
the same excess of hyposulphite. The relation between the volume 
used and that of the saturated water gives the amount of oxygen in 
the liquid. Any errors resulting from change in the solution would 
thus be eliminated, and the calculations simplified. On trying this 
method, I did not find the results any more satisfactory than the origi- 
nal method, although performed with the greatest care: they gave 
quantities in excess of that given by the Gasometric method. Thus, 
in 2°420 litres of water, 

Cub. Cents. 


Volumetric modification gave, . . . . 15:138 
Gasometriemethod, . . ..s = - (-ei2:650 
LD. Co ee Set Smee | ees 


Although this Volumetric method possesses the great merit of exceed- 
ing rapidity, yet the many precautions necessary to be taken greatly 
detracts from the value and reliapility of the results. It seems to be 
better suited for the determination of oxygen in small rather than in 
large quantities of a liquid, such as are desirable in water estimations- 
It is also valuable as a means of showing whether it would be desira- 
ble to estimate the amount of oxygen present in a water, by the more 
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accurate methods. The process adopted by Schutzenberger for check- 
ing the results appears to have been, submitting the liquid to the 
action of the mercury pump for fifteen or twenty minutes. I do not 
think this is sufficient, for, in expelling the mixed gases from a water 
by boiling, I have found that traces of gas are given off even after 
a considerable period. 

One great drawback is the considerable amount of change the’ 
hyposulphite solution undergoes, even when excluded from the air 
and kept in the dark. The following give the volume ratios between 
it and the indigo, as taken on different days, showing the extent of 
this change :— 


Oct. 23rd.—25 cub. cents. indigo = 7  cub.cents. hyposulphite. 
Pr) 25th.—25 ”? 29 ” = 184: ” ” ”? 
” 27th.—25 9? 97 9? j = 9°8 oe) 9? oe) 

Noy. ist.—25 ,, Be retells ree) ne a 
29 6th.—25 ” ”? ” = 20°75 ”? ” ” 


These investigations were carried out in the Chemical Laboratories 
of the Royal College of Science, under the supervision of Professor 
Galloway. 
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XXIII.—Fvrtuer ReEsearcHEs ON THE SUPPOSED SuBsTITUTION oF ZINc 
FoR Maenestum rv Minerats.’ By Epwarp T. Harpman, F.C.S., 
&c., Geological Survey of Ireland. 


[Read, February 25, 1878.] 


Some time ago, during the analysis of chalk from the county Tyrone, 
I noticed that the specimens examined contained traces of zine, and I 
also found that metal in small quantity in the overlying basalts. It 
subsequently occurred to me that, owing to its marked relations in 
physical and chemical characters to magnesium, zine might be ex- 
pected to occur in rocks or minerals containing compounds of the latter 
metal. Accordingly, I made some analyses of such magnesium mine- 
rals as I had at hand, and the results, which fully equalled my expec- 
tations, were laid before this Academy, and printed in the Proceedings 
for 1874. Those analyses comprised some eight or ten rocks or mi- 
nerals characterised by magnesian compounds. Since then, in the 
intervals of other chemical research, I have continued this investi- 
gation, and in nearly every instance I have obtained small quantities 
of zinc combined in these magnesian rocks or minerals, and also in a 
few cases in minerals of the metals belonging to the same isomorphous 
groups as zine and magnesium—for instance, In iron pyrites, and 
in limestone, in which there was little or no magnesia. I give below 
a list of twenty different specimens from various places, in all of 
which zinc is unmistakeably present, and often in very appreciable 
quantity. 

Method of Analysis.—In all but one or two cases the analysis was 
twofold. First, an examination with the blowpipe was made, and 
then if zinc was indicated, a complete analysis in the wet way. In 
many instances the blowpipe results were so strongly marked, and 
so unmistakeably showed the presence of zinc, that a wet analysis was 
really superfluous. But to put the matter beyond all question, it was 
performed on a sufficiently large quantity of the rock or mineral. 

For details as to the analytical methods adopted, I shall only 
refer to my former Papers on this subject, where they are given fully. 
There is one point worth mentioning, however, in this connexion. 
It appears to be usually the impression that the only reliable blow- 
pipe tests for zine are the white incrustation, and the green colour 
imparted by nitrate of cobalt; and that it is too volatile to be reduced 
to the metallic state on charcoal. Such appears to be the idea on 
which are based the directions for its detection, in many books on Chemi- 
cal Analysis, or special works on the Blowpipe, but it is an erroneous 


1 See ‘‘ Analysis of Chalk, County Tyrone, with Note on the Occurrence of Zinc 
therein,”’ Journal Royal Geological Society of Ireland, vol. ui., p. 159. Also Geological 
Magazine, vol. x., p. 434; and‘‘On a supposed Substitution of Zine for Magnesium 
in Minerals,” Proceedings Royal Irish Academy, vol. i. Ser. 2 (Science), p. 534. 
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one, for with care the metal is easily reducible. With less than half 
a grain of mineral, containing a mere trace of zinc, fused on one of 
Griffin’s reduction pastiles, I have obtained sufficient of the metal to 
apply the most characteristic wet tests, and such as could leave no 
doubt as to the nature of it ; while with large capsules, and a properly 
managed reducing flame, the feat is perfectly easy with larger quan- 
tities. 

The following list gives the principal specimens in which I have 
found zinc :— 

(1). Zale Schist from the sea shore, Mullaghglass, county Galway,’ 
containing large, well-defined hornblende crystals. The blowpipe 
analysis gave strong indications of zinc. This was confirmed by a wet 
analysis, which showed the presence of zinc in appreciable quantity. 
Small quantities of copper, silver, lead, and nickel were also present. 

(2). Hornblende.—The crystals from the above also contained 
zine. 

(3). Dark-green Serpentine from N. slope of Croagh Patrick Moun- 
tain, county Mayo, contains considerable traces of zinc; also copper, 
and a small quantity of nickel, quite enough for estimation. This 
fact deserves particular notice, since it is the only serpentine in this 
country, as far as I am aware, in which nickel has yet been observed. 
Doubtless it is of not unfrequent occurrence in such rocks, but Dana’s 
lists of analysis only mention a few localities, most of which are Ameri- 
can.? It might be expected also to occur in magnesian rocks, its com- 
pounds being isomorphous with the corresponding ones of magnesium 
and zine; and, in fact, I have often met with it in such rocks, but 
never in such large quantity as in this specimen. 

(4). Hlesh-coloured Dolomite from the carboniferous limestone of 
Ballytfoyle, near Kilkenny. The blowpipe showed zinc to be present, 
which was confirmed fully by a wet analysis. Small quantities of 
copper and lead were also present. 

(5). Dolomite from Ballyfoyle, similar to above. Presence of zinc 
shown by blowpipe and wet analysis. In both these in small quan- 
tity for magnesian rocks. 

(6). Dolomite fronr Clara, near Kilkenny, similar to the above; 
extremely friable, contains crystals of calespar; blowpipe examina- 
tion proved the presence of both zine and lead. Two wet analyses 
confirmed this, and showed the zine to exist in estimatable quantity. 


2 For this and other Galway and Mayo specimens I am indebted to my col- 
league Mr. G. H. Kinahan, M. R.I. A. For several others, to my colleagues 
Mr. Nolan, M. R. I. A., and Mr. Henry. 

3 Since writing this I find it has been noticed in the black serpentine of the 
Lizard. See Rev. T. G. Bonney, M.A., and W. H. Hudleston, Esq., M. A., 
“©Qn the Serpentine and Associated Rocks of the Lizard District,” Jowrnal Geo- 
logical Society of London, 1877, p. 925. Mr. Kinahan informs me that nickeliferous 
pyrrhotite occurs in veins in the old beds of the Croagh Patrick district. The age 
of their yeins is, howeyer, not certain. 


148 Proceedings of the Royal Irish Academy. 


(7). Very compact Crystalline Magnesian Limestone from Tawnagh, 
Toormakeady, county Mayo. Associated with upper Silurian rocks 
and bedded igneous rocks. The blowpipe and subsequent wet analysis 
showed the presence of zinc in small quantity. 

(8). Hornblende Schist from Inish-gloria Island, Belmullet, county 
Mayo, gave small traces of zinc. 

(9). Hornblende Rock from Annagh Head, Belmullet. Blowpipe 
examination proved this to contain zinc in very appreciable quantity, 
confirmed by subsequent wet analysis. A little copper present. 

(10). Very pure Tale from county Galway. The blowpipe showed 
considerable traces of zinc, and some of lead. Zine very distinct. 

(11). Black Mica from a vein in the summit of Liss-oughter, county 
Galway. The blowpipe gave the usual indications of zine very dis- 
tinctly. Quite a number of spangles of zine were reduced. Wet 
analysis confirmed its presence. Traces of copper and lead were also 
observed. 

(12). Orthoclase Felspar from a felstone porphyry, county Mayo. 
The blowpipe gave faint indications of zinc. On reduction, a few tiny 
spangles were “obtained, which gave the usual zine reactions. The 
very small quantity of zinc present is thoroughly consistent with the 
theory of its connexion with magnesium, since orthoclase contains 
usually a very trifling amount of that metal. 

(13). Hornblendic Epidotie Rock containing numerous radiated 
nests of Actinolite or Tremolite, from Cannaver Island, Lough Corrib. 
This rock is described by Mr. Kinahan as passing into serpentine 
rocks. The actinolite is almost infusible, and appears to be a highly 
magnesian variety. With the blowpipe it gave abundant indications 
of zinc. The mineral reduced with carbonate of soda yielded a large 
quantity af spangles of metal easily soluble with evolution of hydro- 
gen, in dilute hydrochloric acid. A wet analysis fully confirmed this. 
Traces of copper and lead were also observed. 

(14). A Serpentine Rock from N. W. slope of Croagh Patrick, 
county Mayo. In a compact base contains crystals of hornblende, and 
layers of fibrous serpentine. The fibrous serpentine, reduced with 
carbonate of soda, gave numerous spangles of zine, which afforded the 
usual zincic reactions. 

(15). Chlorite from a granite from Limehill, near Pomeroy, county 
Tyrone. ‘Traces of zinc very distinct. 

(16). A dark graphitoidal steatitic Argillite from county Mayo. 
Examined with blowpipe. Indications of zinc distinct. 

(17). Very pure greenish Steatite from county Mayo. The blowpipe 
analysis of this yielded a Jarge indication of zine and nickel ; also traces 
of lead. This specimen contained an estimatable quantity of nickel; 
and in order to be certain of the presence of zinc, which was rendered 


— 


4Ex. Mem Sheet 95, Geological Survey, Ireland, pp. 13 and 33. 
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difficult by the presence of the former metal, no less than four distinct 
wet analyses from different portions of the mineral were made. In 
all of these both nickel and zine were present, the former somewhat 
abundantly. 

(18). Zale Rock from Crohy Head, county Donegal. From Geolo- 
gical Survey Collection. A white or cream-coloured rock. The 
blowpipe examination proved in this the presence of zinc, together 
with small traces of copper and lead. A proof experiment with 
another portion of the mineral, boiled in strong hydrochloric acid, 
showed the zinc to be present in appreciable quantity. 

(19). Zron Pyrites. The last mineral contains numerous small 
erystals of iron pyrites. These, examined in the usual way, yielded 
zinc. As I have already remarked, ferrous iron belongs to the mag- 
nesilum group. 

(20). Actinolite Rock from Cannaver Island, Lough Corrib. Similar 
to No. 13. Blowpipe analysis proved this to contain zinc in the same 
quantity as in No. 13. 

(21). Serpentine from Liss-oughter, county Galway. With the 
‘blowpipe a remarkably distinct indication of zinc. The mineral, re- 
duced with carbonate of soda, yielded quite enough metal for identifi- 
eation. Besides zinc, nickel is also present in some quantity, and there 
are traces of silver and tin. 

What I wish to urge upon your attention, as the result of these 
investigations, is the almost invariable occurrence of zinc in the mine- 
rals examined. I have already shown that the presence of zinc as an 
accessory component of minerals has been almost entirely neglected— 
in fact it is only mentioned where it occurs in considerable quantity, 
as in Franklinite or Automolite ; and so uncommon is it looked on as 
an accessory, that the only augite in which its presence had been re- 
corded before I had commenced this research was dignified with a 
special name—J effersonite.? 

When a metal not usually occurring in rocks in any large quantity 
is recorded, it is usually because it exceptionally occurs so abundantly 
that its presence cannot well be overlooked; and it is only in such 
cases that zinc has been hitherto observed. It appears, however, 
that, like many other substances, it only requires to be sought after ; 
and that its presence is not simply accidental, but the result of the 
invariable chemical laws of affinity and isomorphism; and I submit 
that zinc is as much to be regarded as an almost constant associate of 
the magnesium group as indium and osmium with platinum; nio- 
bium with tantalum; rhuthenium and rhodium with palladium, and 
so on. 

In all the instances Z have noted in this and my former Paper, 
the quantity of zinc is small; but this again is really in favour of my 
view. Had the metal occurred in large quantity in portions of the 


5 Dana, System of Mineralogy (1873, p. 215). 


150 Proceedings of the Royal Irish Academy. 


rock, we should be entitled to consider its presence accidental ; but 
its occurrence in small amount, and its being generally diffused in the 
rock or mineral, proves it to be truly a constituent. 

A lode or thick deposit of zine ore would be an accidental de- 
posit; but it is from the infinitesimal quantities of this metal dis- 
seminated throughout rocks that workable accumulations are derived. 
As Bischof remarks, the minimum of a mineral in rocks becomes the 
maximum in lodes; and, although the small traces of zine in the 
specimens given above may appear insignificant, it must be remembered 
that a knowledge of the fact of the diffusion of minute quantities of 
the metallic compounds through rocks leads to a correct notion of the 
formation of mineral veins, as otherwise we should be compelled te 
regard them as exotic productions, derived from unknown sources. 
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XXIV.—On tHe Necatrve Pepat or a Centrat Conic. By Joun 
C. Mater, M. A. 


[Read, February 25, 1878. ] 
ABSTRACT. 


Havre in some preliminary investigations proved a certain property 
of circular cubic curves which I require for the direct object of my 
Paper, I then investigate directly the principal properties of the first 
negative pedal of a central conic from any point. Many of these pro- 
perties I show are also true for a more general class of curves, viz. : 
unicursal sextics with six cusps: thus for any such curve the follow- 
ing properties are true :-— 

(1). The six cusps le on a conic. 

(2). The six cuspidal tangents touch a conic. 

(3). The eight tangents at the four double points touch a conic. 

(4). The six points of contact of the three double tangents lie on 

a conic. 


I prove, however, many less general properties of the curve I 
consider, which I believe are worth noticmg—for example :— 


“Tf we take the first negative pedal of a central conic from any 
point on either axis, then the six tangents to the curve from the cusps, 
but distinct from the cuspidal tangents, all touch the same conic.” 


Again :— 
“The sixteen tangents at the eight double points of the nega- 
tive pedals, with respect to the origin of the conics 


ax? + by? + 2gx + 2fy+e=0, 
and 
ba + ay” + 2gx + 2fy -c=0, 


all touch the same conic.”’ 


The last part of my Paper is occupied with the consideration of a 
curve which is the locus of the centre of a variable circle, which cuts 
orthogonally a given circle and touches a given curve. From the equa- 
tion of this locus I prove that we may at once deduce the equations of 
the following curves :— 


(1). The negative pedal of the given curve. 

(2). The parallel of the given curve. 

(3). The negative pedal of the parallel of the given curve. 

(4). The locus of the centre of a variable circle which touches the 
curve and a fixed circle. 


I conclude by showing that we can form the equations of the 
parallel ef cetera of a surface in an analogous manner. 


R. I. A. PROCs, SER. Il., VOL. I11,—SCIENCEs M 
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XXV.—On tHE Extraction or loprnz AnD Bromiyz Frou Ketp. By 
Rozert Gattoway, F.C.8., Professor of Chemistry in the Royal 
College of Science for Ireland. 


[Read, April 8, 1878.] 


Havrne had, some time ago, facilities for becoming completely ac- 
quainted with the manufacturing processes followed for the extraction 
of iodine, bromine, and the potash salts from kelp, I devoted a consi- 
derable portion of time to the study of this branch of manufacturing 
industry. It is one of the manufactures which ought to flourish in 
Ireland, owing to the large quantity of the raw material (sea-weed) 
which can be obtained in this country. Iam sorry to have to state 
that there is now no kelp factory in Ireland; the only buyers of Irish 
kelp at the present time are the Scotch manufacturers. 

The description in works on Chemistry, of the processes followed 
for the extraction of the kelp products, are very meagre in a manu- 
facturing point of view, especially as regards the extraction of the 
two most valuable substances, iodine and bromine, and these two sub- 
stances are the most difficult to extract with manufacturing success. 
The descriptions state that such and such processes are followed ; but 
important details are altogether omitted, as, for instance, the condi- 
tions most suitable for carrying out the processes successfully, and the 
different precautions which ought to be observed. 

Iodine was at one time a monopoly. The iodine manufacturers com- 
bined together not to sell this substance under a certain price; which, 
like almost all other monopolies, had the effect of impeding rather 
than of promoting improvement in this branch of manufacture. The 
monopoly exists, I believe, no longer: new sources of supply of the 
substances I have termed kelp products—iodine from the mother 
liquors obtained in refining the nitrate of soda in Peru, bromine and 
potassic chloride from the salt beds in Prussia—have not only extin- 
guished it, but have also rendered necessary the’ adoption of superior 
and more economical methods in the extraction of these substances from 
kelp, for the continuance of kelp being employed as a raw material. 

Many methods have been proposed for the extraction of the two 
metalloids, iodine and bromine, from the ash of sea-weed; but the 
only one, as far as | am aware, which has been followed in the United 
Kingdom, at least up to a very recent period, is the one ascribed to 
Wollaston. By this method they are set free from the metals with 
which they are combined by the addition of sulphuric acid and man- 
ganese peroxide to the mother liquor which remains after the extrac- 
tion (of course as far as it is practicable) of potassic sulphate and 
chloride, and what are termed the kelp salts, which are a mixture of 
sodic sulphate, carbonate, and chloride. 

The sulphuric acid is added for a twofold purpose: a portion is 
required for the decomposition of the alkaline sulphides, sulphites, 
and hyposulphites, present in the mother liquor; the other portion, 
along with the manganese oxide, liberates the iodine and bromine 
from their combinations. When the sulphur, which is set free from 
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the decomposition of the hyposulphites, has completely deposited, the 
clear liquid is drawn off into the iodine still, and the manganese per- 
oxide is then added to it. 

When this process first came into operation, bromine had not been 
discovered in the ash of sea-weed; even the late Dr. Anderson, in his 
well-known and often quoted analyses of the ash of sea-weed, does not 
give it as a constituent. New analytical investigations of the ash of 
the various sea plants are wanted; the plants ought to be carefully 
freed, before incineration, from all adhering salt water, so that the 
quantities of chlorine, bromine, and iodine they naturally contain 
might be correctly ascertained. The investigation would lead, most 
probably, to the discovery that there are, properly speaking, bromine 
as well as iodine producing plants. 

The three metalloids are each liberated from their metallic combi- 
nations by the manganese peroxide and sulphuric acid, but owing to 
their different degrees of affinity for metals—chlorine having the 
strongest, and iodine the weakest affinity—the latter is the first set 
free; but it requires the greatest care and attention to prevent some 
portion of the other two from being set free at the same time. If 
this occurs, they enter into union with one another, forming volatile 
compounds which affect the eyes, and have a very pungent odour. 
The liberation of the bromine or chlorine, or both, during the extrac- 
tion of the iodine may occur, for instance, from the manganese oxide 
becoming unequally diffused in the liquid; they willalso be liberated 
if the temperature of the liquid becomes too high; and it appears to 
me highly probable that the influence of mass will also cause their 
liberation, especially when the quantity of iodine becomes, by volati- 
lization, much decreased in quantity. That they are liberated to some 
extent during the distillation of the iodine is at once perceived by 
those who visit the still during the distillation, and who are ac- 
quainted with the properties of these compounds. I may here observe 
that the still-man judges whether at least an undue proportion of the 
other two are volatilizing by the colour of the vapour; if it is of a 
brownish or whitish colour he is aware he is losing iodine. When the 
distillation is finished, and the still head removed, the vapour which 
escapes from the still has always a violet colour, and some iodine 
always remains in the liquid; for if the distillation were continued 
until all the iodine had volatilized, there would be evolved along with 
it in the last stages one or both of the other metalloids in somewhat 
large proportions; and consequently there would be a loss instead of 
again in iodine. ‘These are some of the imperfections and difficulties 
of Wollaston’s process. 

The extraction of bromine follows the extraction of iodine, the 
same process being adopted, and similar precautions have to be ob- 
served. 

It is evident such a process is unsuitable for the extraction of 
valuable substances like iodine and bromine, and it may also be ob- 
served that the liquid from which they have been volatilized has to 
be thrown away, on account of the difficulty of utilizing it, although 
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it contains a large quantity of potash salts and all the sulphuric acid 
employed in the extraction; the money value of which is estimated 
to be nearly one-half of the whole cost for extracting all the products 
from the kelp. 

Chlorine is the agent, out of the many proposed as substitutes 
for the manganese oxide and sulphuric acid, which I would recom- 
mend, but under conditions somewhat different from those I have seen 
described ; this difference in the conditions would render the process 
more exact, and better results in every respect would be obtained. 
The kelp solution I would render neutral by the addition of sulphuric 
acid before adding an aqueous solution of chlorine ; and as I have found 
by investigation that the kelp solution contains clay, and as this sub- 
stance tends to render the solution viscid and unfavourable for crys- 
tallization, I would, before evaporating to obtain the last crop of 
potassic chloride, nearly neutralize the liquid so as to get rid of it. 
Although a little more acid would be consumed than if it were all 
added in the ulterior stage, the disadvantage would be more than 
compensated by the larger crop of crystals of potassic chloride which 
would be obtained, and the greater concentration of the liquid. After 
the extraction of the last crop of potassic chloride, I would neutralize 
the liquid exactly, and then place it in a graduated vessel; I would 
then add to a small measured portion of it some bisulphide of carbon, 
and finally some chlorine water from a graduated vessel, until the 
violet colour just disappeared. This is a process frequently employed 
for the estimation of iodine, and occupies only a minute or two. Having 
ascertained the exact quantity of chlorine water which decolourizes the 
iodine—that is, converts it into pentachloride of iodine—it would only 
remain to add to the larger measured quantity of the liquid contain- 
ing the iodine one-sixth of the relative quantity of the chlorine water 
which was required on the smaller scale. The small portion of iodine 
which would remain dissolved in the liquid, owing to its slight solu- 
bility in water, I would remove either by bisulphide of carbon or 
benzol. After the removal of the iodine, I would treat the liquid 
with chlorine water, with similar precautions for the removal of the 
bromine; but as the compound of chlorine and bromine is a monochlo- 
ride, one-half, and not one-sixth, as in the case of the iodine, of the 
relative quantity of chlorine water would have to be added to the 
larger measured portion of the liquid. 

Tf, in any case, it should be found desirable not to precipitate the 
entire portion of the iodine and bromine with chlorine water, on 
account of rendering the liquid too dilute, a portion might first be 
precipitated by chlorine gas, and the remainder by means of chlorine 
water in the way I have described. 

This method would not only be speedy but exact, for it would be 
the conversion of a quantitative analytical operation into a manufac- 
turing process. After the removal of the bromine, the alkaline salts 
which remained in solution could be easily recovered. 

It weuld be necessary to sublime the precipitated iodine. 
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XXVI.—On «a New Cuemrcat Test ror Carporic Acrp, anp rts Usrrun 
Appiications. By Epmunp W. Davy, A. M., M.D., Professor of 
Forensic Medicine, Royal College of Surgeons, Ireland. 


[Read, May 13, 1878.] 


I map the honour, a short time ago, of bringing under the notice of the 
Academy, and of publishing in these Proceedings,’ a new and exceed- 
ingly delicate chemical test for alcohol which I had at the time dis- 
covered ; and I pointed out some practical applications which might 
be made of that test. 

I subsequently directed attention to some further useful objects 
which may be attained by the employment of that alcoholic test, 
which latter have appeared in the London Pharmaceutical Journal for 
last year. J have recently discovered that the reagent which I em- 
ployed for the detection of alcohol in the test referred to, viz., a solu- 
tion of molybdic acid or molybdic anhydride in strong sulphuric acid, 
is a very delicate test likewise for carbolic, or as it is otherwise 
termed, phenic acid, a substance which is now one of considerable in- 
dustrial importance, admitting as it does of so many useful applica- 
tions, and one for which it is desirable to have a ready and at the 
same time a delicate test, for the detection of its presence under differ- 
ent circumstances. I have observed that when a drop or two of a 
dilute aqueous solution of carbolic acid is brought in contact with a 
few drops of the molybdic solution stated, there is immediately pro- 
duced a light-yellow or yellowish-brown tint, which, passing to a 
maroon or reddish-brown, soon develops a beautiful purple colouration, 
which latter remains without further change for a considerable time. 
I should here observe that the application of a gentle heat will hasten 
the development of the purple reaction, though it will take place, but 
more slowly, at the ordinary temperature; and it is the production of 
this purple under the circumstances stated that constitutes the test for 
carbolic acid. The molybdic solution which I have chiefly used for 
this purpose is similar to the one I have employed for the detection of 
alcohol, and is made by dissolving, with the assistance of a gentle heat, 
one part of molybdic acid in ten parts by weight of pure and concen- 
trated sulphuric acid. But the exact amount of molybdic acid dis- 
solved appears to be a matter of indifference, as I have used other 
proportions with success, and in some recent experiments I found that 
a solution where there was only one part of molybdic acid in a hun- 
dred parts of sulphuric acid acted very well. 

The mode of using this reagent is simply to add three or four drops 
of it to one or two of the liquid under examination, placed on any 
white porcelain or delf surface, when the effects already noticed will 
be produced, if carbolic acid is present. In carrying out this test, it 
will, however, be found the most convenient to use a small white porce- 
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lain capsule, furnished with a handle, which will admit of the applica- 
tion of heat when it may be desirable to hasten the reaction by that 
agent. 

This test is one of great delicacy, for I have found that one small 
drop of an aqueous solution of carbolic acid, containing a thousandth 
part of its weight of that acid, and only absolutely about the one- 
seventy-thousandth part of a grain, when mixed with three or four 
drops of the molybdic solution, produced immediately the yellowish- 
brown effect, which, after a few minutes, passed into a very distinct 
and beautiful purple colouration, and this colour remained quite per- 
ceptible on the fourth day afterwards, though it had each day become 
fainter from exposure to the air, and its consequent absorption of 
moisture. But this is not the limit of its delicacy, for I have detected 
by its means the carbolic acid in one drop of an aqueous solution five 
times more dilute, or where it contained the one-five-thousandth part 
of its weight of that acid, and in which there was only about the one- 
three-hundred-and-fifty-thousandth part of a grain present. 

For the success of this test, it is necessary to attend to a few parti- 
culars, one of the most important being, that only a drop or two of the 
liquid under examination should be employed, for if much more be 
used the reagent will be diluted too much, and the characteristic re- 
action will not take place: for so great an effect has water on it, that 
even when the purple colouration is fully developed, the addition of 
that substance will cause either the colouration to disappear almost 
entirely, if the quantity. of carbolic acid present be exceedingly 
minute, or if more abundant it first changes the purple to red, and 
then into a light reddish-brown, which becomes more and more faint 
on further dilution; but the addition of a few drops of the test solu- 
tion, or even of strong sulphuric acid, again reproduces the purple, 
though of course fainter in its colour in proportion to the previous de- 
gree of dilution; thus showing that the mixture must be very strongly 
acid for the production and continuance of this purple effect. Another 
point to bear in mind is this, that when carbolic acid itself, and not an 
aqueous solution of it, is acted on by the molybdic reagent, a dark 
olive, quickly changing to a very deep blue, will be produced, but not 
the purple colouration ; a cold saturated aqueous solution, however, of 
carbolic acid when so treated will yield the purple reaction ; but even 
here there will be a tendency to develop the olive or blue effect, 
especially where the reagent employed contains a large proportion of 
molybdic acid; and I may observe that weaker solutions of carbolic 
acid give more satisfactory results, as the action appears to be too 
energetic when the acid itself or very strong solutions are employed. 

The last precaution I wish to direct attention to, for the successful 
performance of the test, is this, that in applying heat to hasten the 
reaction, it should be limited to a gentle heat that the hand can bear 
when applied to the bottom of the capsule, this bemg about from 
120° to 130° F., which is quite sufficient for this purpose, besides 
not exercising any destructive effect on the purple reaction; for I 
may observe that if the heat be raised even to 212° F., and con- 
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tinued for some time, the purple colouration will be destroyed and 
a blue produced; moreover, where organic matters are present along 
with the carbolic acid, many of them will likewise, when heated 
with the molybdic reagent to that latter temperature, or even much 
below it, develop a deep blue colour, which would mask more or less 
completely the purple effect of the carbolic acid. Consequently it is 
better in most cases to let the test act on the liquid at the ordinary 
temperature, though the reaction may be somewhat slower in develop- 
ing itself. 

I have made a number of comparative experiments with this test, 
and with the principal ones hitherto employed for the detection of 
carbolic acid, and I find, in point of delicacy, it seems only to be sur- 
passed by the bromine test of Dr. Landolt, which depends on the cir- 
cumstance that when an aqueous solution of bromine is brought in 
contact with carbolic acid, there is immediately formed the tribromo- 
phenol (C;H;Br,0), a sparingly soluble white substance. But that 
test could not be successfully employed, at least immediately, in many 
cases, where the test just described might be still available, as for 
example, in the case of different organic mixtures, where the presence 
of the tribromophenol formed would be concealed. It possesses like- 
wise the great advantage of being apparently not interfered with, to 
any extent, by the presence of organic substances which mask or pre- 
vent the reactions of many of the other tests. 

As to what is the exact nature or composition of the purple com- 
pound which is formed in carrying out the test, I have not yet been 
able to determine, owing to the difficulty of isolating it, or of obtaining 
it in a condition suitable for analysis; but I am inclined to think that 
it is not so much an oxidation product of carbolic acid as a deoxidation 
one of molybdic acid, and that it is a combination of one of the oxides 
of molybdenum, containing perhaps more oxygen than the blue com- 
pound which is formed where the molybdic reagent acts on alcohol 
and on some other substances; and one circumstance amongst others 
which seems to support this view is this, that I have failed to obtain 
by the action of other oxidizing agents on carbolic acid a similar 
purple reaction. 

Be this however as it may, I have satisfied myself that the purple 
compound formed in my test is a totally different substance from the 
red or crimson dye termed coralline, which is obtained by the united 
action of oxalic and sulphuric acids on carbolic acid, and is now largely 
used as a dyeing material; for the red colour of the latter substance is 
not affected by the caustic alkalies, and strong sulphuric acid changes 
it to a reddish yellow ; whereas the purple developed in the new test 
is changed to green by caustic alkalies, and the purple again restored 
by strong sulphuricacid. Iam, however, still engaged in this inquiry, 
and hope to be able yet to determine the exact nature of this purple 
compound, and of the changes which occur in this new reaction. 

I shall now briefly notice some of the useful applications which 
may be made of this test. It is well known that carbolic acid is a 
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powerful poison, and many instances are now on record where it has 
been the cause of death, such being generally either cases of suicide, 
or those where it has been accidentally taken by mistake for some other 
substance; as its odour and taste would render its administration, at 
least to an adult, by the assassin for the criminal destruction of life, a 
matter of some difficulty. The occurrence, however, from time to time 
of the cases referred to obviously renders it very desirable to be able 
readily to detect the presence of carbolic acid where it has been so used, 
either in the articles of food, drink, or medicine which have been 
taken, or in the ejecta or contents of the stomach; and this test affords 
a very easy and ready means of so doing, and of confirming the indica- 
tions of other tests. According to my observations it will detect the 
presence of carbolic acid in different complex organic mixtures, even 
where the odour of that substance may be quite imperceptible; and I 
may observe, that the test of odour has hitherto been regarded as the 
most delicate for carbolic acid in such cases. 

The great advantage this test possesses, especially for such appli- 
cations, is this, that it does not appear to be much affected or interfered 
with, as already stated, by the presence of a number of organic sub- 
stances which are likely to be present in such cases. Thus, as regards 
different articles of food—I have readily detected, by means of this 
test, the presence of carbolic acid when a small quantity of its 
aqueous solution had been added to the following articles, viz.: tea 
and coffee mixed with sugar and milk, porter,” ale, wine, a solution 
of Liebig’s extract of meat, and albumen; also where it had been 
added to blood, olive oil, gum, and soap—the very diverse substances 
in the articles mentioned not preventing the indications of the test. 

It will also afford a ready means of detecting the elimination of 
carbolic acid in the urine, when that substance has been taken inter- 
nally, for the compounds present in human urine naturally do not 
appear to affect to any extent this test. I may also observe, that 
with it I was at once able to detect the presence of carbolic 
acid naturally occurring in the urine of a cow, without any previous 
treatment of that secretion, and thus confirm the correctness of the 
statement as to the occurrence of that acid as a normal substance in 
the urinary secretion of that animal. This ready means of discover- 
ing carbolic acid in different animal fluids where it may exist will 


tion, the presence of that substance, at least in any quantity, would mask more or 
less completely the reaction of carbolic acid. In examining, therefore, aleoholic 
liquors for that acid, it is better to submit them to distillation to separate the 
alcohol, and then to test the later portions of the distillate or the residue for car- 
bolic acid; or what answers even still better in such cases is, to render the liquid 
alkaline by the addition of either caustic potash or soda, to combine with and fix 
the carbolic acid, and then distil; and when all the spirit has been removed, to 
add diluted sulphuric acid to slight acid reaction to liberate the carbolic acid, and 
after this distil again, when that acid will come over unmixed with any spirit, 
and give its characteristic reaction. 
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Another useful application of this test is, that it affords a very 
ready means of distinguishing creasote from carbolic acid, which is a 
matter of some Commercial importance, much of what is sold as creasote 
being, as is well known to chemists and those in the drug trade, 
little else than carbolic acid ; for these two substances, though obtained 
from different sourees—true creasote being procured from the distilla- 
tion of wood tar, whilst carbolic acid is got from that of coal tar— 
and though they differ likewise from each other in chemical composi- 
tion, still so closely resemble each other in several of their proper- 
ties, that the cheaper substance, impure carbolic acid, is in whole 
or in part frequently sold to the public for the dearer article creasote. 
Tf, however, we take a drop or two of each, and agitate them well 
with about a quarter of a fluid ounce of distilled water, and, having 
filtered the liquid, test a drop or two with the molybdic solution as 
already described, we will get in the case of pure creasote only a 
brown or reddish-brown reaction, which on standing or warming 
slightly becomes fainter, passing to a light-yellowish brown: whereas 
in the case of carbolic acid the brown passing to a maroon soon deye- 
lops a more or less intense purple colour. This treatment will be 
sufficient to distinguish creasote from carbolic acid, and also to detect 
the presence of that acid in creasote, where it occurs in considerable 
proportion; for if, on the addition of the molybdic test solution, the 
mixture, instead of fading away to a light-yellowish brown on stand- 
ing a short time, or on gently heating, passes to a reddish brown 
or to a maroon, it is an indication that carbolic acid is present. But 
T have found that the following very simple proceeding gave more 
satisfactory results, especially where small quantities of carbolic 
acid had been added to a large proportion of creasote. From five to 
ten drops of the liquid under examination are taken, and agitated 
briskly with about half an ounce of distilled water for a few minutes, 
so as to dissolve out the carbolic acid; the mixture is then filtered, and 
the filtrate is put into a little flask furnished with a close-fitting cork, 
through which passes a small glass tube about ten or twelve inches 
long, and bent above the cork at a little more than a right angle. 
The contents of the flask are then heated, and, when the liquid boils, 
the first portions which distil over will be found to present a more or 
less turbid appearance as they pass down the tube, from their contain- 
ing minute globules of creasote; and a drop or two having been 
collected and tested with the molybdie reagent will give only the 
brown reaction of creasote: but by continuing the boiling, that sub- 
stance will be more or less completely expelled, and then it will be 
found that a drop or two of the later portions of the liquid which 
distil over will give the purple reaction of carbolic acid. I may 
here observe that as it is only a drop or two of the distillate which is 
required each time for testing, it is not necessary to use any condens- 
ing arrangement, for the vapour passing through the tube itself is 
cooled sufficiently to furnish the small quantity required for each 
trial; but when it is desirable to collect in larger quantities the 
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different portions of the distillation, a very small Liebig’s condenser, 
in which the delivery tube can be inserted, will be found the most 
convenient arrangement to employ. In this way, by distillation, I 
was enabled to detect the presence of carbolic acid in creasote, where 
I had mixed only one part of the former with a hundred parts of the 
latter, which would be more than sufficiently delicate for any case 
likely to occur in commerce; for where such adulteration was prac- 
tised, it is probable that a much larger proportion of carbolic acid 
would be used, to render the fraud sufficiently remunerative. In the 
same way, I have readily succeeded in detecting the presence of car- 
bolic acid in oil of cloves, where I had purposely added a small 
proportion of that acid, as it is stated that this very objectionable 
fraud is occasionally practised, of adulterating the essential oil of 
cloves with carbolic acid. 

The few applications that I have referred to are, I should trust, 
sufficient to indicate the practical utility of this test; which, being at 
the same time so simple and easily performed, will, I have no doubt, 
be found useful for the objects stated, as well as for others to which it 
may be applied. 


. 
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XXVII.—Own HUotttre, A HITHERTO UNDESCRIBED MINERAL; a Hyprovs 
SILICATE OF PECULIAR COMPOSITION, FROM CARNMoNnEY Hirt, Co. 
? ? 
Antrim, wire Anatysis. By Epwarp T. Harpman, F.C.S., H.M. 
Geological Survey. With Nores on tHE Microscopicat APPEAR- 
ro) 
ances, by Professor Hutt, F. R. 8. 


[Read, June 24, 1878.] 
Parr I. 


Haprenine to visit Carnmoney Hill, near Belfast, during the Meeting 
of the British Association in 1874, I was much struck with the 
abundance in the basalt of a mineral which I had never before noticed 
in any ot the basalts of the north of Ireland, and which I had reason 
to believe then, and still consider to be, somewhat new to Irish 
mineralogists, in so far that its composition and physical characters 
have not yet been described. It may have been observed before, but 
there is no description, at all agreeing with its characteristics, pub- 
lished. 

The basalt in which this mineral occurs forms the old neck of a 
Miocene voleano. It is massively columnar, the columnar structure 
being, however, horizontal, not vertical, as is usually seen; but in 
all respects similar to what may be observed in large dykes or other 
masses of intrusive basalt. The rock itself is a rather coarse-grained 
dolerite ; extremely vesicular and amygdaloidal, possesses a very high 
density, and is magnetic, affecting the needle very strongly—zeolites 
are not abundant, but the cavities are filled, or in some places only 
coated, with a peculiar black mineral which is the subject of the 
present notice. 

In some cases this mineral entirely fills up the cavities, and 
throughout the rock it appears in great profusion; butin many places 
where the amygdaloids are only partially coated with it, the remain- 
ing space is filled with calcite—and occasionally apparently arrago- 
nite—for sometimes the crystals have a radiated structure which 
resembles that of a zeolite. 

The black mineral from this locality has, I believe, never been 
hitherto described or analysed. On examining the maps of the Geo- 
logical Survey I find the basalt is noted by the late Mr. Du Noyer as 
«black basalt, highly crystalline ; cellular cavities lined with pitch- 
stone,’ for which he evidently mistook this mineral. And in the 
teological Survey collections in the Museum of the College of Science, 
Dublin, specimens from this place are labelled ‘‘ Vesicular basalt, with 
obsidian.”” However, the peculiar softness of the mineral pre- 
cludes this idea at once. There are two minerals to which it bears 
a distant resemblance. In physical characters it somewhat agrees 
with the chloropheite of Macculloch, so far as colour, specific gravity, 
and hardness. But its chemical properties are totally different, as 
will be seen further on—that is, if we can rely upon the analyses of 
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that mineral by Macculloch and Forchammer, which give very 
extraordinary results. The presence of so called chloropheite has 
been noted by Portlock! as occurring in the basalt of Down Hill 
(p. 227); Magilligan—abundantly in several beds exposed in the 
section there (p. 152-3), and at Carrick-a-rede, where the mineral 
imparts a porphyritic appearance to the rock (also at Craigahulliar, 
p. 154), and he mentions localities as Crosseagh and south Ballylagan 
where the trap, wanting the imbedded chloropheeite, has cavities occa- 
sionally lined with obsidian (p. 155)—this he mentions as occurring 
at the Giants’ Causeway. Now it seems improbable that a highly 
acidic mineral such as obsidian would be found in basalt; and I am. 
inclined to suppose that Portlock, as Mr. Du Noyer did afterwards,. 
mistook the Carnmoney Hill mineral for obsidian. 

Whether this Carnmoney Hill mineral is the same as that which 
Portlock calls chloropheite I cannot say, as I have not seen specimens: 
from the localities he names. But it is not at all clear that Portlock’s 
so called chloropheite is that of Macculloch, since analyses of it are 
wanting. Ifit be the same mineral as that I have examined, the 
composition is entirely different. 

In chemical composition the mineral approaches more nearly to: 
delessite. However, there are still very important differences, as will 
be seen on comparison. Delessite contains considerably less silica, 
more alumina, and more protoxides—lime especially being abun- 
dant. Again, the physical characters do not agree,—delessite is 
harder; its gravity is nearly $ more, its colour and streak different,— 
so that on the whole we must regard this mineral as a new one, 
although possibly belonging to the ferrugenous chlorite group. 

Method of Analysis.—Separation of the mineral. This is so im- 
portant a point that it may be well to devote a few lines to the de- 
scription of the manner adopted. Although the mineral occurs most 
abundantly in very small nodules, it was found to be a most tedious 
process to extract sufficient of it even for a qualitative analysis. One 
method was to crush the rock—extract as much of the matrix as pos- 
sible by means of a strong magnet, the small particles of magnetite, 
or perhaps native iron disseminated throughout it, rendering this pos- 
sible, and collecting the mineral bit by bit with a forceps from the 
felspar and augite which remained behind. This, however, promised 
to be an endless proceeding—but I fortunately at the time happened to 
meet with a notice of the use of Sonstadt’s solution for that purpose ;* 
this I tried, and it succeeded so admirably that, although I have already 
noticed the result elsewhere,* a short description of the process may 
not be out of place here, as itis a matter that cannot be too well known 
to mineralogists. 


1 Geological Report on Londonderry, Antrun, §e. 

2 Prof. Church, Lnglish Mechanic, January, 1878. 

3 « On the applicability of Sonstadt’s solution to the separation of minerals for 
chemical analyses.’’— Chemical News, April, 1878. 
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Sonstadt’s solution is a solution of mercuric iodide (or red iodide) 
in potassic iodide—the liquid being concentrated by adding, alter- 
nately, the mercuric and the potassic iodides until no more of either 
is taken up. Carefully proceeding in this way, a clear liquid can be 
obtained, having a specific gravity of a little over 3:00, according to 
Sonstadt and Church. It is clear that any mineral of less spectfic 
gravity than 3° floats on such a liquid, while any of higher gravity of 
course will sink; by diluting the liquid we can obtain a range of 
solutions capable of separating any minerals between 1:0 and 3:0 s. g. 
The Carnmoney mineral being of low specific gravity, a solution of 
about 2°0 was sufficient. The rock being crushed up and sifted, to 
get rid of small dust, which would have rendered the result less 
palpable, was thrown into a dish filled with the solution. Every- 
thing but the new mineral sank to the bottom. The latter was then 
skimmed off, and immediately washed with distilled water to which 
a little potassic iodide had been added, to dissolve any red iodide 
which would otherwise be thrown down, and finally washed with 
distilled water. When a sufficient quantity of the mineral had been 
thus collected it was again treated in the same way, and thus was 
cleared of a few particles of augite, &c., which had been caught up 
in the first floatation. 

In this way about 3 grammes of the mineral were obtained, per- 
fectly free from admixture, and quite sufficient to yield exact analy- 
tical results. 

The analysis was conducted in the usual way, by the fusion of the 
powdered mineral with the alkaline carbonates. Although it appears to 
be nearly altogether decomposed by boiling (when powdered) in strong 
hydrochloric acid, the fusion process seems to be the most complete me- 
thod, and is the shortest in the end; because, if boiling with acid is 
depended on, the insoluble residue will be found almost invariably to 
contain undecomposed silicates, giving an excess in the amount of 
silica. 

The ferrous iron was determined according to Early’s method, 
namely, by decomposing the mineral with hydrofluoric acid, and esti- 
mating the ferrous iron as quickly as possible by means of a standard 
solution of bichromate of potassium. 

As it was not easy to obtain enough of the mineral to enable its 
specific gravity to be taken in the ordinary way, its gravity was de- 
termined in asomewhat novel way. It floats on, and is hardly affected, 
even after some months, by strong sulphuric acid of the usual density, 
viz., 1°84. Dilute sulphuric acid, of the density of the mineral, was 
prepared, and the specific gravity determined by means of a delicate 
hydrometer ;' the density by this means was found to be only 1°76, so 


’ Sonstadt’s solution might have been used, but sulphuric acid was found to be 
more convenient at the time. 

The analysis was performed by me in the Laboratory of the Royal College of 
Science in Dublin, by permission of Prof. Galloway. 
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that the mineral is the lightest silicate known of, almost. This is very 
remarkable in a mineral containing such a very large percentage of 
iron, the peroxide amounting to 20-720 per cent. 

Physical characters.—Colour, velvet black. Hardness, about 
brittle; lustre, waxy but dull; streak, olive brown; Blow-pipe 
with difficulty fusible at edges to a black glass, which in some speci- 
mens is magnetic. Very slightly affected by strong HCl or H,SO, 
when in the mass, but decomposed by the former when boiled in it in 
powder. Occurs filling amygdaloidal cavities in the basalt of Carnmo> 
ney Hill, near Belfast; Shane’s Castle, Lough Neagh'; &c. 


9 


a9 


Chemical Composition and Formula. 


I shall compare my analysis of this mineral with analysis of deles- 
site and chloropheite. 


Hullite. | Delessite.? Chlorophzite.° 
| | 
| Silica (SiO2), 39437 |. 31-07 33°30 
| Alumina (Al2,0s), 10°350 | 15°47 — 
| Peroxide of iron (Fe203) 20°720 17°54 — 
| Protoxide of iron (FeO), 3699 4:07 26°70 
| Protoxide of manganese (MnO), : Trace. | — = 
| Lime (CaO), al 4°484 | 19:14 | — 
| Magnesia (MgO), T474 | 0:46 — 
| Water (H20), 13°618 | 11°55 40-00 
| Carbonic acid (CO2), Trace. | — | _ 
99-782 | 100-00 100-00 

| 

| Formula [CaMgFe’’]s[ Al’ Fe’ ],:S8ig001 + 7H20 oy Fe $i 03+ 6H20O 
| Sp. gr., é . c : : 1-76 2°89 2°02 


Like other ferrugenous chlorites (as delessite), to which group. 
this mineral appears in many respects to be allied, it is extremely 
difficult to express its composition by a chemical formula. In the 
first place, there is always some degree of alteration, which has changed 
the characters of the mineral ; and besides, it is difficult to say whether 
these minerals are true silicates or combinations of silicates with alu- 
minates. With regard to the last, it would be very difficult to decide 


1 A specimen of basalt from this locality containing very large cavities filled 
with this mineral is to be seen in the Museum of the College of Science, Dublin, 
as in the specimen mentioned, p. 161; the mineral is called obsidian. 

2 Dana’s System of Mineralogy, 1874, p. 497. 

3 7b., p. 410. Also Western Isles of Scotland, &ec. John Macculloch, M.D..,, 
p. 505. . 
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one way or the other in the present case, and I would prefer to con- 
tent myself with calculating a formula on the supposition that that 
mineral is only a silicate. However, the above analysis does not give 
a reasonable formula in its entirety. Calculated as it stands, it gives 


M”, M’’, Si,0., + 7H.O, 


which fails to agree with any type of silicate I know of. 
If, however, we subtract one molecule of peroxide, and suppose it 
to exist as a hydrate, and not combined, we get 


(M’, M”,’ Si,0..) + H, M’,0, + 4H,0, 
the first member of which is a condensed meta-silicate on the type 
Hy: SicOs 


which would bring it sufficiently near the type of taleose and chloritic 
minerals. However, the general constitution, even allowing for this, 
is entirely different. Then again, we may suppose the excess of perox- 
ide, as in the above, to act the part of an acid, an aluminate, or a 
ferrate, which is not improbable, and we thus get a formula not unlike 
that which has been proposed for ripidolite, but the silicate belonging 
to a different condensed meta-silicic series, viz., 


[M”; M’”’,0, + M’’2H, Sis0i, + 4H20 |, 


a part of the water in this case being basic, as I have but little doubt 
it is, acting in fact as a protoxide. 

It is extremely probable that the last formula gives a fair repre- 
sentation of the molecular composition of this new mineral. 

T should wish to draw attention to one or two remarkable points 
about this mineral. 1° the very large percentage of iron it contains, 
and the small quantity of magnesia, although it is extremely refrac- 
tory before the blow-pipe; and 2° its very low specific gravity, not- 
withstanding the quantity of iron it contains. The last circumstance 
is, I think, due to the very large percentage of water. 

With regard to its claims to be an original mineral, and not simply 
a product of alteration, I would like to point out one or two strong 
evidences. The mineral occurs coating or filling ordinary amygdaloidal 
cavities in the basalt. It is clearly a product of infiltration into these 
cavities, and not an alteration of a previous mineral, because the walls 
of the cavities are quite distinct from the mineral. Were it a product 
of alteration, it might be expected to merge into the rock itself, or such 
minerals as might be altered to such a composition, such as olivine or 
augite ; but this is not the case, the olivine and the augite are quite 
distinct from it. Under the microscope the mineral may be observed 
to fill up the cavities previously left in the rock; and crystals of 
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augite, felspar, and olivine may be seen to penetrate it in such a way 
as to leave no doubt that the Carnmoney mineral has been deposited in 
those spaces.! 

Under these circumstances I consider it to be an original (but se- 
condary) mineral, and believe it to be a new variety of the chloritic 
group, and a well-marked one. I therefore propose to give this Irish 
variety a distinguishing name. 

Macculloch, in his description of the mineral chloropheite, apolo- 
gises for giving it a new name, saying that though it may afterwards 
turn out a variety only, its characteristics are strongly marked; and 
that the best chance of its obtaining future investigation will be de- 
rived by giving it a conspicuous place in the list of minerals. On the 
same grounds I venture to name the present mineral as a new species. 
‘Since distinctness of colour and hardness may vary in different speci- 
mens, and therefore mislead—and there is no earthly use in commemo- 
rating a single locality when the mineral may hereafter be found m 
hundreds of places—I submit that the best name would be that of an 
individual. I propose to name this species or variety Hullite, after Pro- 
fessor Hull; first because it has been analysed and described. during 
his directorate of the Geological Survey of Ireland; and last, but not 
least, in commemoration of the valuable work he has done in the elu- 
cidation of the microscopic mineralogy of the rocks of Ireland, more 
especially that of the basalts. 

In order to set at rest any question as to the mineral being an 
alteration product, Professor Hull, at my request, had some slices of the 
rock made, and the microscopic examination of them fully bears out 
my previous remarks, viz., that the mineral is perfectly distinct from, 
and does not merge into any part of, the basalt. 


Part I[].—On tHe MicroscopircaL StrructTuRE OF THE OLIVINE Basar 


oF Carnmoney Hirt, Co. Antu. By Professor E. Hurt, M. A., 
F.R.S. 


THe rock occurs as a dark crystalline mass, with columnar strue- 
ture, filling the neck of an old volcanic vent of the Miocene age. (See 
Geology of the Country around Antrim, Mem, Geol. Survey, Sheet 21, 
p. 30). With the lens it is seen to consist of black glistering erystals 
of augite, set in a paste consisting of a light-coloured waxy felspar 
(plagioclase), and large and small grains of an opaque, black, dense 
mineral, with smooth, somewhat conchoidal, fracture, and brown 
streak. This unknown mineral is that to which Mr. Hardman has 
applied the name ‘‘ Hullite,” and the chemical composition of which he 
has determined. ‘The olivine, though seen to be remarkably abundant 


1 See Prof. Hull’s remarks further on. 
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under the microscope, is scarcely to be identified without the aid of a 
high magnifying power. 

Microscopical appearance.—Under the microscope, and with a low 
power (25 diameters), the slice is seen to consist of light brown 
augite, without crystalline form, in which are imbedded short prisms 
of plagioclase, imperfect crystals of olivine, and a very few grains of 
magnetite. But the most abundant mineral is that now for the first 
time described by Mr. Hardman. It is of a dark umber brown colour, 
almost opaque, except at the edges, and it forms not only individual 
masses, but permeates the whole rock, filling the interstices, and 
enclosmg the other minerals. In one instance, where it has appa- 
rently filled in a cell in the rock, the central portion is vacant ; but it 
often forms considerable masses. As it does not polarize, it cannot be 
considered as in a crystalline molecular condition; and in its distribu- 
tion, and relation to the other minerals, it assumes very much the 
character of amorphous chlorite. Like chlorite, also, it has every 
appearance of being a secondary mineral, formed after the consolida- 
tion of the rock, and with a high power shows a stalagmitic or 
chalcedonic structure, with wavy bands. 

One of the most interesting circumstances regarding this rock is 
the abundance of olivine in its unaltered condition. In no other 
instance, amongst the basalts and dolerites of Antrim which I have 
examined, have I found it so abundant, and in its original state 
olivine, as is well known, isa mineral very liable to decomposition, and 
generally it has been completely removed, the outer form only being 
preserved. In the case, however, of the basalt of Carnmoney Hill, it is 
as abundant and as fresh as in the lavas of Vesuvius. ‘This can be de- 
termined by the aid of the polariscope, by means of which the crystal- 
line grains of olivine are separated out from the augite with which it 
might otherwise be confounded; but under polarized light, not only 
may the outline of the crystalline forms be recognised, but the 
mineral affords (on rotating the analyzer) the well-known alternation 
of colours, from ruby red to sap green, characteristic of this mineral. 
On the other hand, the colours of the augite are blue, grey, light 
pink, and yellow. The crystalline forms of the olivine are only im- 
perfectly developed. The crystals of plagioclase—probably labra- 
dorite felspar—are well and sharply defined, and seem to have 
erystallized out before those of augite and olivine. With the polari- 
scope they show the usual parallel-banded structure, varying with the 
angle of the analyzer. 

From the remarkably fresh appearance of the olivine one might 
infer that this rock was comparatively recent, did we not know, from 
physical considerations, that it must be older than the Glacial and 
Pliocene periods. 
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XXVIII.—FortHer OpservAaTions on Pyrrot AND ITs DERIVATIVES. 
By Cuicuuster A. Bert, M.B., University Dublin. 


[Read, June 24, 1878]. 
Synthesis of Pyrrol. 


SEVERAL attempts which I have made to effect the synthesis of pyrrol 
have not been successful. The following experiment is chiefly of in- 
terest as suggesting a process by which bases of similar constitution 
are likely to be obtained artificially. When vapours of diethylamine 
(C.H;). HN, are passed through a heated tube packed with recently- 
ignited pumice, they experience but little change if the temperature be 
much below that of redness. On the other hand, a good red heat is 
sufficient to decompose the base into a variety of products, amongst 
which ethylene, free hydrogen, cyanogen, and hydrocyanic acid, are 
easily recognised. Ifthe tube be of sufficient length, the current of 
vapour not too rapid, and the temperature that of znezpzent redness, a 
liquid is obtained containing, besides much diethylamine, a considera- 
ble quantity of pyrrol. The change probably consists in a direct 
separation of hydrogen, thus— 


i 
CH, — CH HC=C 
‘ NE = NH + 3H; 
CH, - CH, HOC=C 
i 


I have not in this way prepared any large quantity of the base, but 
in all cases have estimated the product by the rapidity and intensity 
with which the vapours issuing from the tube exhibited the fir-wood 
reaction, the amount of precipitate yielded by the acidified distillate 
with mercuric chloride, stannous chloride, etc., and by the quantity of 
pyrrol-red obtained by boiling the liquid in the receiver with strong 
hydrochloric acid. 

I think it not unlikely that the conversion of diethylamine into 
pyrrol may be effected in a more simple way. 


On the so-called ethyl-pyrrol of Lubawin. 


In my previous communication on this subject (these Proceedings, 
2nd Series, vol. III., Science, page 33), I described a series of bases 
derived from pyrrol by the substitution of various alcoholic radicles 
for one atom of hydrogen. One of these, namely ethyl-pyrrol, C,H, 
N(C,H;), differed widely in its properties from the similar base pre- 
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viously described by Lubawin.' According to this chemist, when iodide 
of ethyl acts upon potassium-pyrrol C,H,NK, substitution of the group 
C,H; for potassium takes place, a body of the composition C,H,N = C, 
H,N(C,H;) beimg formed. This base was said to have a turpentine- 
like odour, to boil between 155° and 175°C., and to turn brown rapidly 
on exposure to air. The metal potassium acts with great vigour upon 
pytrol, expelling hydrogen and producing potassium-pyrrol; but upon 
ethyl-pyrrol from mucate of ethylamine it has little or no action. It 
would be contrary to analogy to suppose that in Lubawin’s base the 
ethyl-group does not occupy the position of the potassium in potassium- 
pyrrol, and it was hence difficult to resist the conclusion that the bases 
prepared from potassium-pyrrol and from ethylammonium mucate must 
be identical. On repeating Lubawin’s experiment I have found this 
to be the case. Potassium-pyrrol is most easily prepared in a state of 
purity by adding to pyrrol, contained in a flask with inverted con- 
denser through which a stream of dry hydrogen is passed, rather less 
than the calculated quantity of bright metallic potassium. The action 
is violent at first, and must be moderated by the application of cold ; 
towards the close it must be assisted by a gentle heat. The contents 
of the flask are finally heated to fusion, allowed to cool, the flask 
broken, and the solid mass dropped into a mortar containing anhydrous 
ether. It is then quickly powdered, the ether (which removes un- 
altered pyrrol) quickly poured off, and the powder again transferred 
to a flask provided with an inverted condenser. It is then covered 
with rather more than the theoretical quantity of ethyl iodide, and the 
mixture boiled for a couple of hours, a chloride of calcium tube being 
placed in connexion with the upper end of the condenser so as to pre- 
vent ingress of moisture. Towards the close of the boiling, a not in- 
considerable amount of ammonia is evolved, evidently due to secondary 
decompositions. On fractionally distilling the contents of the flask, a 
very large quantity of ethyl-pyrrol is obtained, boiling at 131°C., and 
haying all the other properties of the base from ethylammonium mu- 
cate. Above 131°C. a quantity of secondary products of inconstant 
boiling-point comes over, the thermometer rising to 180°. It is this 
mixture that Lubawin evidently mistook for ethyl-pyrrol, no doubt 
regarding the principal product of the reaction as unaltered pyrrol, 
from which indeed it differs but little in odour or boiling-point. 
(Pyrrol boils at 133°C.) 

It is thus clear that only one ethyl derivative of pyrrol is yet 
known, no doubt having the constitution— 


H 
HC=C 

(SNC He. 
CaO 
H 


1 «* Zeitschrift fiir Chemie,’’ [2] y. 399. 
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Condensation-products of Ethyl-pyrrol. 


In my former paper I mentioned that ethyl-pyrrol may be boiled 
for some time with strong hydrochloric acid without experiencing any 
change, in this respect differing from pyrrol. If the boiling is con- 
tinued for a sufficiently long time, this is not the case. Even when 
dilute acid is used, the base gradually dissolves, forming a deep-red so- 
lution which is not rendered turbid by the addition of water. This 
solution contains the hydrochlorate of a new base, or perhaps salts of 
several new bases. The product is obtained by precipitating the acid 
solution with ammonia in excess. On drying the precipitate zn vacuo, 
or at a gentle heat, it is obtained as an amorphous powder, which is 
nearly insoluble in water, but is readily taken up by alcohol or ether. 
Its colour varies from pale brown to black, accordingly as it has been 
prepared with dilute or with strong acid. Heated on the water bath 
it constantly loses weight, giving off a peculiar odour. Analyses 
showed it to be of uncertain composition, the following being the mean 
results :— 


C6864  H=S8-81. Nj o-6s 


This composition agrees most closely with the formula C,,H.,N.02, 
which requires— 


C=69°56, H=869,  N=10-1. 
Such a body might be formed according to the following equation :— 


Ethylamine. 
3C,H,N + 2H.0 = C>HaN,O> + C,H,N, 


and, in fact, when potash has been used as a precipitant, it is easy to 
detect abundance of ethylamine in the filtrate. The powder melts at 
165°-170°C., but not sharply. It is soluble im all acids (except nitric 
acid) even when dilute. On evaporating the solution in hydrochloric 
acid on the water-bath, the hydrochlorate remains in the form of blood- 
red scales, showing no trace of crystalline form. These re-dissolye 
easily in water. The base is precipitated from its acid solutions by 
minute quantities of nitric acid or nitrates, as a flocculent brown 
powder. Bromine or chlorine water, stannic and mercuric salts, like- 
wise precipitate it. In its characters and composition it approaches 
some of the amorphous alkaloids extracted from cinchona bark. 

Pyrrol-red (which, however, is entirely destitute of basic properties) 
is produced from pyrrol in a perfectly similar way, 


3C, HN + H.O = CHHaN.O a NH. 


Carboxyl derivatives of Pyrrol. 


In my former paper I mentioned that when the primary amine 
salts of mucic acid are distilled, there are produced, besides substituted 
pyrrols, a series of bodies haying the composition of amides of mono- 
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and di-carboxyl derivatives of these pyrrols. The corresponding acids 
had not at that time been procured. These amides are rather stable 
compounds, and are very slowly attacked by mineral acids and alkalis. 
If it is attempted to decompose them by prolonged boiling with 
strong alkaline solutions, it is impossible to prevent the decomposition 
of the acids as fast as formed. I have found, however, that they may 
be easily split up by enclosing them in sealed tubes with strong alco- 
holic potash, and exposing the tubes for some time to a temperature 
of about 120°C. They are then resolved with facility into free am- 
monia-base and the potash salts of the corresponding acids; thus— 


Dimethyl-carbopyrrolamide. Methyl-carbopyrrolic acid. 
C,H;N(CH;)(CONHCH;) + KHO = C,H;N(CH;)COOK + NH,CH;. 
Diethyl-carbopyrrolamide. Ethyl-carbopyrrolic acid. 


C,H,N(C,H;)CONHC.H; + KHO = C,H;N(C,H;)COOK + NH,C.H;. 


I have not, however, been able to obtain amyl-carbopyrrolic acid. 
Its amide when heated with potash yields amyl pyrrol, amylamine, 
and potassic carbonate. 


C,H,N(C;Hi,)CONHC;Hy + 2KHO = C,H,N(C;5H,,) + K.CO, + 
2CsHn. 


The potassium salts of these acids are obtained in the solid form 
by evaporating their alcoholic solutions. They are very soluble in 
water and alcohol. By cautiously adding to their concentrated aqueous 
solutions dilute hydrochloric acid in very slight excess, the mixture 
being carefully cooled from time to time, the acids are separated as 
floceulent precipitates which soon become crystalline. The crystals 
must be rapidly washed with cold water. To remove small quantities 
of silica (derived from the glass tubes) they must be dissolved in am- 
monia and again precipitated with hydrochloric acid. When thoroughly 
free from mineral acid they may be crystallized from water at about 
90°C. (not higher), in which they are freely soluble. 

Methylearbopyrrolie acid erystallizes in needles which are very so- 
luble in alcohol and ether. It melts at 135°C.; heated a little beyond 
’ this point, it breaks up into methyl-pyrrol and carbonic anhydride. 


C,H,N(CH,)COOH = C,H,N(CH;) + CO. 


It volatilizes with partial decomposition in a current of steam. Its 
salts are as a rule easily soluble in water: those of the alkalis and 
alkaline earths dissolvein alcohol. Argentic methyl-carbopyrrolate CyH: 
N(CH;)COOAg, obtained by double decomposition, crystallizes from 
much boiling water in transparent prisms which deflagrate feebly when 
heated. -446 grams of the finely powdered salt, mixed with sand to 
avoid loss by too rapid decomposition, gave on cautious ignition *206 
grams of silver = 46°19 per cent. ; calculated = 46°55 per cent. 

Ethylearbopyrrolic acid, similarly prepared, bears a great resem- 
blance to the methylated acid. Iti is, however, rather less stable, more 
soluble in water, and melts at 78°C. The silver salt is much more 
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soluble in boiling water than that of the previous acid. Found, 43°89 
per cent. of silver; calculated, 43-9 per cent. 

In contact with boiling water, or in the cold in presence of even 
highly dilute mineral acids, these two acids are rapidly resolved into 
methyl- or ethyl-pyrrol and carbonic anhydride. Their solutions in 
water below its boiling point are tolerably stable so long as they are 
contained in smooth glass vessels; but rough surfaces (filter paper) or 
fine points cause rapid decomposition. ‘They give with neutral ferric 
chloride a red colour. 

Ethyl-dicarbopyrrolic acid.—C,H,N (C,H;) (COOH), is obtained by 
the action of large excess of alcoholic potash at 130° C, upon triethyl- 
dicarbopyrrolamide, one of the decomposition products of ethylammo- 
nium mucate. The potassium salt crystallizes from alcohol in long 
needles. The acid is obtained from its aqueous solution by precipita- 
tion with hydrochloric acid. It appears as a sandy powder, quite 
insoluble in boiling water, and not decomposed by it. It is easily 
soluble in alcohol and ether. By crystallization from dilute alcohol 
it is procured in brilliant needles, which when heated do not melt, 
but at about 250° C. are resolved into ethyl-pyrrol and carbonic 
anhydride. 


C,H,N(C,H;) (COOH), = C,H,N(C;H;) + 2C0, 


Analysis gave the following results :— 


Found. Calculated. 
CG = 62:26 : ; : f A 52°26 
Le ioral : " : ’ 4 4:91 
N-© 7:96 4 : ! ; : 7°65 


The nitrogen determination was a little too high, owing to the 
accidental employment of slightly impure soda-lime. 

The salts of this acid are mostly soluble in water. The silver 
salt is an insoluble sandy powder. Found, 53:97 per cent. Ag: cal- 
culated for, Cs,H,N(C,H;) (COO Ag). = 54°4 per cent. 

The acid is very slowly decomposed in the cold by concentrated 
hydrochloric acid. Boiling dilute nitric acid dissolves it, but deposits 
it unchanged on cooling. Strong and warm nitric acid also dissolves 
it, but does not again deposit it on dilution. 

About two per cent. of its weight of this acid may be obtained 
from the mucate of ethylia. 


Action of Bromine upon Pyrrol Derivatives. 


When bromine is added to a solution of ethyl-pyrrol in ether or 
chloroform, the mixture becomes dark-coloured and gives off hydro- 
bromic acid. The reaction takes place with greater smoothness when 
aleohol is used as a solvent; but the best result is attained when 
ethyl-pyrrol is shaken with excess of bromine water, added gradually. 
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The insoluble solid compound formed is filtered off and repeatedly 
erystallized from boiling spirits of wine, in which it is sparingly 
soluble in the cold. It then crystallizes in brilliant colourless needles 
which melt at 90° C., or beneath warm spirit. They are easily de- 
composed above 100° C. It might have been expected that a body so 
. poor in hydrogen as ethyl-pyrrol would have given an addition com- 
pound with bromine. But analysis shows that towards this reagent 
the pyrrol nucleus behaves like benzol. 


Found. Calculated for. 
C,Br,NC,H,; 
C = 17:3 Leal 
H = 1°48 1:21 
Br (1-2 77°85 
Ni = — < 


The compound remains apparently unchanged when digested 
with excess of bromine water. No doubt it has the following consti- 
tution :— 


Br 
Br€ =C 
| NORD) 
Br = C 
Br. 


Diethylearbopyrrolamide, Cy5H N20, also does not unite directly 
with bromine. When bromine dissolved in chloroform is added to a 
chloroform solution of the amide, it is at once decolourized: but even 
in the cold, fumes of hydrobromic acid are given off, and, on allowing 
the chloroform to evaporate, a tenacious mass is left, in all probability 
a mixture of unchanged amide with a substitution compound. 

When shaken with bromine water, diethylcarbopyrrolamide yields 
an insoluble substitution compound and a soluble oxidation product. 
To obtain the first, careful manipulation is required, since it passes 
into the second with the greatest ease. The amide is first dissolved 
. by continued agitation in so much warm water that nothing separates 
on cooling. Bromine water is then dropped in very cautiously, the 
mixture being shaken after each addition. The two new compounds 
are produced simultaneously, the first separating in small clots, and 
rendering the mixture milky. Oncontinuing the addition of bromine, 
a point is reached at which the milkiness suddenly disappears, and the 
liquid becomes transparent, while the clots adhere to the sides of the 
flask. This clearing marks the point at which all the amide has been 
acted upon, and any further quantity of bromine added is used up in 
oxidizing the clots. The liquid is filtered, and the solid residue is 
repeatedly crystallized from 607 alcohol, in which it is freely soluble 
on heating. It separates on cooling, when pure, as a jelly-like mass 
of long silky needles of extreme tenuity, which require prolonged 
heating to 100° C. to dry them. The substance is insoluble in water, 
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but dissolves with facility in alcohol or glacial acetic acid. It melts 
with partial decomposition at 120°- 121°C. Analysis gave the fol- 
lowing numbers :— 


Found. Calculated for. 
C,H,,Br,N,0 
C = 26°65 ~ 209 
H = 2°95 Dies 
Br = 59°36 59°55 
a ot ee seul 


It is evidently derived from the amide by the substitution of three 
atoms of bromine for three atoms of hydrogen. Its constitution is 
most probably 


CONHC.H; 
| 
Br = C. 
a> NOE 
Br = C 
Br. 


When the clear liquid from which this body has been filtered off 
is evaporated on the water-bath, much hydrobromic acid escapes, 
and a crystalline body is deposited. This must be removed before the 
liquid has gone quite to dryness, and it is then easily purified by 
erystallization from water or alcohol. The new body forms small 
hard transparent crystals which melt with decomposition at 197° C. 
It dissolves easily in all alkalis, and is reprecipitated by dilute acids. 
Its ammoniacal solution, when evaporated to dryness on the water- 
bath, leaves a residue which is not dissolved by water, and which 
appears to be the original body, still, however, containing a little 
ammonia. This is not the behaviour of a true acid. Boiling with 
fixed alkalis decomposes it completely, ethylamine, alkaline bromide, 
and other bodies not as yet investigated, being formed. Analysis 
leads to the formula C,H,,Br.N.03;. 


Found. Calculated. 
C = 30:08 : : z 3 : 30°42 
H = 38°81 : : : ; : 3°09 
Br = 44:87 3 : : 3 : 45:07 
ING ees : : : : : 7°88 
O° = — : pele 


This compound is also obtained when the tribrominated diethyl- 
carbopyrrolamide is treated with bromine water. The reaction is per- 
haps the following :— 


©, Hi br, N.0 ar Br; se 2H.0 = C,H,, Br.N,0, ah 4HBr. 


It is not, however, easy to frame a constitutional formula for it 
which shall be in harmony with such a change, unless we suppose 
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that it contains one atom of hydrogen more than is indicated by ana- 
lysis, and give to it some such structure as the following :— 


CONH(C,H;) ; 
0 | CONH(C.H;) 
we N 
HCC or (HO)C = 
| _>N(G:H;) | N(C.H;) 
Bro—c” Beene te 
Ge \/Br 
O | O 


either of which would require 3°37 per cent. of hydrogen.’ This view 
is quite justified by the analysis of the corresponding methyl-com- 
pound given below. The second formula would have the advantage 
of accounting for the property of the compound of dissolving in alka- 
line solutions. As I have pointed out, the ammonia compound is 
decomposed by simple heating on the water-bath, which would seem 
to point to the presence of a hydroxyl group. It is unlikely that any 
oxidizing action has been exerted upon either of the lateral groups, 
C,H;; for, firstly, the compound readily evolves ethylamine when 
heated with caustic potash, and secondly, tetrabrominated ethyl-pyrrol 
is scarcely attacked even when heated with bromine water. 

From dimethylcarbopyrrolamide similar bodies may be obtained by 
shaking with bromine water. I have not isolated the first of these, 
having had only a small quantity of amide to work with: but the 
second or oxidized compound is obtained as easily as its ethyl-analogue, 
which it resembles in crystalline form, solubility, &c. It melts, 
however, at a higher temperature, 204° — 205° C., at the same time 
decomposing. I give a partial analysis of it. 


Found. Calculated for. 

; C,H,Br.N,0; 
Ca 25:21 } : s 25°6 
iH =" 2-61 ; : \ ; f 2°44 
Br = 48:23 : ; : 48°78 


The study of the action of iE teah and of reducing agents upon 
these bodies will probably explain their constitution. 


[ Note added in the Press.} 


‘ A more carefully prepared specimen of the body gave, on analysis, C = 30-42 
and H= 3-64; agreeing well with the formula CyHi2Br2N203, which requires 
30°34, H = 3: 37 per cent. 
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XXIX.—On tHe Distimtation Propucts oF THE SACCHARATES OF 
AxrmoniuM and Eruytammonium. By Epwin Lapprr, F.C.S., 
L.C.P.1., and Cutcuester A. Bett, M.B., Univ. Dublin. 


[Read, June 24, 1878.] 


ty a former communication,’ one of us has shown how that by the 
action of heat upon the mucates of the fatty amines, a series of bodies. 
is produced which may be regarded as substitution compounds of the 
base pyrrol, C,H;N, obtained by the dry distillation of ammonium 
mucate. Amongst these is a dicarboxyl derivative of ethyl-pyrrol, 
C,H.N(C,H;)(COOH),, the formation of which is of peculiar interest, 
since it shows that the production of the pyrrol nucleus from mucic 
acid is not dependent on the separation of its carboxyl groups. 

In the hope of being able to throw some light upon the isomerism 
of mucic and saccharic acids, we have now studied the action of heat 
on the saccharates of ammonium and ethylammonium. It appeared to 
us very probable that by this action we would obtain either bodies 
isomeric with those from mucic acid, or totally different products ; 
and that, in either case, we might be able to draw conclusions as to 
the constitution of the two acids. In one respect our expectations have 
not been fulfilled: nevertheless, our experiments have established an 
interesting difference in the deportment of the two acids, which may 
at some future time be of importance in determining their constitution. 

Ammonium saccharate was prepared exactly according to the 
directions given by Liebig. The acid was purified by crystallization 
of its acid ammonium salt, which was then converted into the neutral 
salt. - 

The saccharate is most conveniently heated in a capacious glass 
retort, by means of a paraffin bath. Decomposition begins when the 
bath is heated to 136°C., and takes place quickly at 160° C. After 
some time the whole of the saccharate disappears, leaving only a 
slight carbonaceous residue in the retort. Ammonia and carbonic 
anhydride escape in large quantity, and the liquid in the receiver 
consists of an aqueous solution of ammonium carbonate, covered by a 
layer of oily liquid. The neck of the retort is covered with numerous 
crystals, but these consist entirely of ammonium carbonate. On care- 
ful evaporation on the water bath, the watery distillate leaves only a 
trace of non-volatile matter. The oily layer, after being washed, 
dried, and rectified, possesses all the characters, boiling-point, specific 
gravity and reactions, of ordinary pyrrol, its identity with which is 
thus satisfactorily proved. The following equation expresses the 
reaction— 


C.H,.05(N Hs). = C.H;N + 2CO, af INES ar 4H,0. 


1 << Proceedings,’’ Second Series, vol. ili., Science, p. 33. 
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Pyrrol is obtained in almost theoretical quantity ; and if ammonium 
saccharate could be conveniently prepared, it would undoubtedly be 
the best source of the base. 

With this equation we may contrast the action of heat upon 
ammonium mucate, by which not only pyrrol, but also carbopyrrola- 
mide, is formed— 


C;H,,.0s(N Hs). = C,H,N(CONH,) a5 CO, ar 5H.0. 


The amide, by boiling with baryta-water, is easily converted into 
carbopyrrolic acid; and this acid when heated splits up into pyrrol 
and carbonic anhydride— 


C,H,N(COOH) = C,H,N + CO. 


Since ethylamine acts upon mucic acid differently from ammonia, 
we have also studied the action of heat upon ethylammonium saccha- 
rate. 

To obtain this salt, and to avoid the tedious preparation of free 
saccharic acid, we took equivalent weights of acid ammonium saccha- 
rate and diethyloxamide. The first was converted into neutral salt, 
and to its concentrated aqueous solution, carefully freed from excess 
of ammonia, we added the neutral sulphate of ethylia prepared from 
the diethyloxamide. The mixture was evaporated to dryness in vacuo 
at a gentle heat, and the residue exhausted with absolute alcohol, 
which extracts only ethylammonium saccharate. After evaporating 
the alcohol, the salt remained as a syrupy mass, which showed little 
tendency to crystallize. It was therefore at once distilled. 

Ethylammonium saccharate decomposes with intumescence at 
about 120° C., exhibiting the same appearances as the ammonia salt, 
except that no crystals are formed in the neck of the retort. The 
watery liquid which collects in the receiver contains only ethylam- 
monium carbonate, and the oily layer consists of nearly pure ethyl- 
pyrrol in almost theoretical amount. The equation— 


C;H,.0,(NH.C.H;). = C,H.N(C.H;) + 2CO; ar NH.C.H; sf 4H,0, 


represents the decomposition. A most careful examination failed to 
detect any other substance either in the distillate or in the residue. 
The latter was exceedingly small. 

Ethylammonium mucate, on the other hand, breaks up by heat in 
the following ways :— 


(1). CHy0.(NH,C,H;), = C,H,N(C;H,) + 2CO, + NH,C.H, + 41,0 ; 
(2). O;H,,0.(NH,C,H;), = C,H,N(C;H,)CONHC,H, + CO, + 5H.0, 


and by the action of nascent ethylamine from reaction (1), 


(8 ): C,H,903(NH;C-.H;). + NH.C.H; = C,H,N (C.H;) (CONHC.H;). 
+ 6H,0. 


~ 
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With regard to the cause of the difference in the behaviour of the 
two acids, but little can be said. According to all experiments 
hitherto published, it is extremely probable, if not absolutely certain, 
that the relative position of the carbon atoms is the same in both. 
Both are normal compounds; and the differences between them must 
be due to the positions of their hydroxyl groups. If we give to either 
acid (e. g. mucic acid) the formula 


CO.H — CH(OH) — CH(OH) — CH(OH) — CH(OH) - CO.H, 


and to pyrrol the constitution proposed by Baeyer, 


H 
a0 (6 
DEE 
HU =C 
H 


the formation of the latter is easily explained— 


COOH 
| H 
H(OH)C — CH(OH) HO=€ 
| NEE =) Nie 
H(OH)C — CH(OH) C=C 
TER El 
COOH 


+ 2C0, + 4H,0. 


At the same time one or both of the carboxyl groups may become 
amidated, and may remain with the pyrrol nucleus. In saccharic 
acid now we may imagine a greater number of hydroxyl groups to be 
joined to the carbon atoms in the neighbourhood of the carboxyl, and 
consequently the latter to be rendered unstable. Hence, when 
ammonium saccharate is distilled, it parts with both carboxyl groups, 
and gives pyrrol, but no carbopyrrolic acid. This explanation is 
reasonable, for we know that oxyacids as a rule lose CO, much more 
easily than the acids from which they are derived, and those in which 
the OH is near the carboxyl more easily than those in which it is 
remote from it. Thus, succinic acid, when heated, yields an anhy- 
dride, whilst tartaric acid (dioxysuccinic acid) decomposes into car- 
bonic anhydride and pyroracemic acid. Again, salicylic acid separates 
more easily into phenol and CO, than either of its isomerides, para- 
and meta-oxybenzoic acids; whilst benzoic acid may be distilled 
unchanged. Many similar examples might be adduced. 

We purpose studying the action of ammonia on other highly oxy- 
genated acids. 


° 
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XXX.—Compvtation or Trors at Frrerwoop.— Discusston oF Cor- 
RESPONDING PHENOMENA IN DIFFERENT YEARS, ETC. Gy JAMES 
Pearson, M.A., Ex-Scholar (15th Wrangler), Trinity College, 
Cambridge. 


[Read, November 11, 1878.] 


In my first! communication on the subject of the Tides, I gave a brief 
account of the guiding principles which led me to the construction of 
revised Tables for their computation, and the graphic process by which 
I obtained a clue to them. My second? Paper showed the results of 
theory as compared with observation, and proved that the course of 
the ‘‘ diurnal inequality” was correctly explained and traced out. 
The object of my present Paper is to illustrate the correspondence of 
tides in different years, having the same constituents approximately. 
Tf a velocity of angular rotation, equal and opposite to that of the 
earth, be supposed to be communicated to the moon, the earth will be 
reduced to rest, and the moon’s path in the sky will be represented by 
a sort of spherical helix, the convolutions of which will ascend from 
east to west, whilst the moon’s declination passes from south to north ; 
and during that interval the path of the ‘‘anti-moon”’ will be also 
represented by a corresponding spherical helix, but differing from the 
former in this respect, that its convolutions will descend from east to 
west, whilst the actual moon’s declination has the fore-mentioned 
changes. To use a familiar illustration—in the one case we shall have 
a left-handed cork-screw motion, and in the other a right-handed one. 
Consequently, the lunar and anti-lunar tides are essentially different 
in their operation, and so are the solar and anti-solar tides. On the 
method which I have adopted in dealing with the subject, any single 
tide during any year will only have one tide corresponding to it, out 
of all the tides in any other year, and hence it becomes interesting to 
inquire how far such co-ordinate tides (as I may term them) agree 
with observation as years advance; and with this purpose in view, 
I will select a series of such tides, commencing with the year 1873, 

and occurring in the same month (April) in each year subsequent : 
also another series occurring in the same month (September) in each 
year. The results will speak for themselves; but I would invite 
attention to the tides for 1872, Sept. 15, evening, and 1873, Sept. 5, 
evening. These have almost identical constituents; and yet, from 
atmospheric causes, we have in one case a resulting tide three inches 
above calculation, and in the other a resulting tide eleven inches 
below. 


1 Vide ante, page 72. 2 Vide ante, page 111. 
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It may be of interest to place on record examples of the most 
extreme cases of high and low tides which I have as yet observed. 
The tides in these instances were produced, of course, under circum- 


stances least favourable and most favourable to their development. 


1876, March 19, Evening, 


Anti-lunar and Anti-solar. 
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Moon’s Transit, . . 

Ine. for Lunar or Anti- lunar, 
Moon’s Horizontal Parallax, 
Moon’s Declination, . . 
Sun’s Declination, 


Hi, «aati ig, thls 
Sm 207 70 
— 4 
Eyl Ta —12 | 
28° 44’ N. aed — 19 
1° SN. SE 
HFS) Xba 
15 8 obs. 16 10 


(Helbré Island.) 


1874, March 19, Evening, 
Lunar and Solar. 

Jy Sits fGopeenins 

ll 55 IX) 8} 

+ 7 

Gila 2 uaer ap oa, 

5° 27’ S. asc. +14 

0° ae Ol 
ft) ine 

30 11 obs. 30 10 


In the former case the tide fell fourteen inches below its expected 
height; but the barometer on this occasion stood at 30°-7’, and the 
wind was very cold and heavy from the North. Such a low tide had 


not been remembered for at least twenty years. 


Annexed are comparisons for the month of September, 1878. 


REMARKS. 


Calcula- | dnczem: Observa- tne 
Date. tion. | Deen tion. Meccen 
1878. fein in Ti, iis in 
Sept. 12 25 10 + 18 25 9 + 9 30°2 
27 4 = 1h 26 Gi eS 30°3 
” 13, roa? ae 3 os 
26 1 + 14 25 9 | oF 18 30°4 
of 14, | 27 3 — 18 27 3 -— 18 30°71 
Dom ON | a= 9 PE) lh tee 30°0 
6 ey, |) 2G 6 — 18 26 6 + 4 29°9 
25 OFF =S56 26) TI! + 11 29°4 
np 16, | 25 6 — 19 ATE AY) — 18 29°5 
20 11 + 4 25 6 - 6 29°8 
of Wi, ||) 24 3 — 18 25 0 = | 2 
22 9 0 24 5 — 3 | 29:8 
~ 18, |. 22 9 - 17 24 2 — 15 | 29°7 
yall 4 + 1 WA Ail = i || Boe 
op 19) |) GAL 5 — 14 I A) |) c= IY 29°8 
20 3 — 6 21 5 | — 23 29°9 
£6 20, | 19 9 — ll 19 6 — 10 30°1 
| 18 10 — 3 18 Z| = 8 30°4 


Barom., Wind, &c. 
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RE - 
Date Calcula- EEGrEaR Observa- Ineser avi 
Or oer On Decrem Barom., Wind, &e. 
1878 ft. in. ins | ft./) in in. 
Sept. 21,; 18 7])+ 7] 18 4j|+ 8 | 30-4 W., calm 
19 2)/+ 7 | 19 1 {+16 | 30:3 signal out. 
> 22,| 19 9 |] £46 | 20 —5-|.+ 97 | 30:0 S:SiWejetreshe 
| 21 1{+i11 | 21 0 | +16 | 298 S., calm, heavy rain. 
fis wes |) 22° 0 |i - dd) 1022) 4 ae 139 |) 29-6 Sawe toN.W. , Signal out. 
238 3]+12 | 28 5)]+ 4 | 29-7 N.W., calm. 
Ree 24, | Aaa 320) 23 OQ slts= 29 30:0sNawes gusty. 
Posy AUIS pets Ue 25 7 | + 22 30:0 W, gusty 
ee 205 | 26 4a ea 2 Poe 9b 29-6 SaWe. falling fast. 
20 eG 2 Ot fo) 129-7 NN W., fresh, cold. 
» 26,|/ 28 3),+ 20 | 28 38 | + 20 | 30-0 BB ex c 
29), Sli— 5 i) 29) Ie 2 Sie 30;0, Wesawe , calm. 
5 iy 2B ee) soa A) BE a) SD AN, calm. 
30 2]- 6 | 30 1] — 5 | 30-71 W., calm. 
9 28, x ae anes we 
29 S$}+ 1/1] 29 7 | + 4 | 30:0 W., calm. 
Pe 295)|) 29). 291) | e229 ede ate | 30-0 aWeerealrs 
oy) _— 28 10, — 30°0 W., calm. 
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XXXI.—Comrvration oF Occutrations and Ecripses. By James 
Pearson, M.A., F.R.A.S8., late Scholar of Trinity College, 
Cambridge, Vicar of Fleetwood. 


[Read, February 10, 1879.] 


‘Tur methods of calculating the circumstances connected with the above 
phenomena, as given by Mr. Woolhouse in the appendix to the Vautical 
Almanac for 1836, or as contained in Admiral Shadwell’s work 
on the subject, are confessedly so laborious and puzzling, that any 
arrangement by means of which the same results might be obtained 
with more facility must be esteemed desirable. The graphic process 
delineated by Mr. Penrose in his valuable treatise is a step in this 
direction, but it is capable of being so modified as that it can be easily 
performed in about twenty minutes, and bring out the times of occur- 
rence within thirty seconds. To explain the mode by which this is 
accomplished is the object of the present communication. 

For ordinary use in these operations it is necessary first to con- 
struct a series of concentric ellipses, having a common semi-axis major 
ten inches in length. The semi-axes minor are in the same straight 
line, but are of lengths 10 sin 2°, 10 sin 4°, 10 sin 6°, &e., up to 28°, 
which is the extreme range of the moon’s declination. Ordinates are 
drawn to the semi-axis major, the abscissee of which are successively 
10 sin 15°, 10 sin 30°, 10 sin 45°, &c., corresponding to the hours 
I, um, ur, &c. The construction of this diagram will not be a matter 
of much difficulty to those who are acquainted with the elements of 
Conic Sections, and it must be treasured up for subsequent use, being 
the only diagram required in the process. 

The next step is to construct a scale of equal parts, the length of 


10000 
Pr coal where P 


is the moon’s reduced relative Horizontal Parallax, p the factor which 
deduces the Earth’s radius at the proposed place from the equatorial 
radius, and / the geocentric latitude. Since this scale involves both the 
latitude and the parallax, it is called the latitude-parallax-scale, and 
the number referred to is to be taken from an ordinary inch-diagonal 
navigation scale. This done, the moon’s reduced horary motion in 
right ascension, and given horary motion in declination, will enable 
us to lay down the moon’s relative orbit by its aid, which orbit must 
be subdivided into hours and minutes by the compasses, commencing 
at the instant of the moon’s true conjunction. The position of the 
centre of the projection of the parallel of latitude of the given place 
must be found by the number representing, 


ten divisions of which is represented by the number 


{ diff. dec. — Pp sin / cos 0}, 


the notation being the same as before ; and it will be below or above 
the moon’s centre at conjunction according as the above quantity is 
+or—; and this being ascertained, the ellipse-diagram will guide in 
tracing out as much of the ellipse as is traversed during the progress 
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of the eclipse, and in subdividing it into intervals of hours and minutes. 
Lastly, from the latitude-parallax-scale is taken an extent equal to 
the sum of the semi-diameters reduced of the sun and moon, and one 
foot being set on the moon’s path and the other on the path of the 
observer, the compasses are moved backwards and forwards till the 
points fall into the same hour and minute in both paths, thus showing 
the required times. 

To facilitate the subdivision of the latitude-parallax-scale, and of 
the hours on the moon’s path, two diagrams may be drawn as on 
page 185, only enlarged in magnitude :— 

The moon’s horary motion in right ascension is taken from the 
‘‘variations for 10™,”’ given in the Nautical Almanac, by calling the 
seconds of f/me minutes of arc, and increasing these quantities half as 
much again. The moon’s horary motion in declination is taken from 
the corresponding quantities in the same page, by regarding the 
seconds of arc as minutes of arc, and dividing by 10. 


Taste of Values of Ten Divisions of the Latitude-Parallax-Scale, and of 
Pp sin J, for Greenwich Lat. Geoc. 57° 17' N., used in construction 
of Occultations and Eclipses. 


= os oi 8 x OPP sie eke 8 x go 
Seagate THI Mes Wage ines alc aa Sail 
os ee a < a Say ee a a = 
mo Se eisy ape Ay me & A < A 
53’0 | 302-4 | 1:2 | 41-28 | -15 || 58-0 | 276-3 | 1-0 | 457-17 16 
-2 | 301-2 | 1-1 -43 | -16 -2 | 275-3. | -9 -33 15 
-4| 3001 | 1-1 59 | +16 -4 | 274-4 | 1-0 48 16 
*6 | 299-0 | 1-1 75 | -16 -6 | 273-4 | -9 64 | -15 
*8 | 297-9 | 1-2 91 | -15 *§ | 272-5 | -9 79 | -16 
54-0 | 296-7 | 1:1 | 42’-06 | -15 | 59’-0 | 271-6 | 1-0 95 | -15 
-2 | 295-6 | 1-0 21 | +16 -2| 270-6 | -8 | 46-10 | -16 
-4 | 294-6 | 1-1 “37 | -15 -4 | 269-3 | -9 26 | -15 
6 | 293% | 1-1 +52 | -16 -¢ | 268-9 | -9 -41 | +16 
-§ | 299-4 | 1-1 68 | -15 -§ | 268-0 | -9 57 16 
55-0 | 291:3 | 1-0 -g3 | -16 | 60'-0 | 267-71 | -9 73 | -15 
-2 | 290-3 | 1:1 99 | -16 | -2 | 266-2 | -9 88 | -16 
-4 | 289-2 | 1-0 | 43-15 | -15 | -4| 265°3 | -9 | 477-04 | -15 
-¢ | 288-2 | 1-0 3 16 -¢ | 264-4 | -8 -19 | -16 
-§ | 987-2 | 1-1 -46 | 15 -§ | 263-6 | -9 35 | -16 
560 | 286-1 | 1:0 -61 | -16 | 61'-0 | 262:7 | -9 51 | -15 
2 | 285-1 | 1:0 "7 | 165 -2| 261°8 | -8 66 | °16 
-4 | 284-1 | 1:0 92 | +16 -4 | 261-0 | -9 82 | -15 
-6 | 283-1 | 1:0 | 44'-08 | -16 -¢ | 260-71 | -8 OTe Neale 
-g | 282-1 | 1:0 94 | -15 -§ | 259°3 | -8 | 497-13 
57-0 | 281-1 | 1:0 -39 | 16 
-2| 280-1 “9 55 | 15 
-4 | 279-2 | 1-0 70 | -16 * O08 
‘6 | 278-2 | 1-0 86 | -15 
*§ | 277-2 -9 | 45'-01 | 
58’-0 | 276-3 | -10 | 17 
xX cos 5 | 
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XXXII.—On tHe SupernumerRaRY Rives oF THE Ratysow. By 
Pui Berton. 


[Read November 11, 1878.] 


THE explanation of the rainbow, which was given by Sir Isaac 
Newton in his ‘‘ Optics,” did not comprise any account of the 
coloured rings frequently to be seen within the violet of the primary 
bow, and, more rarely, outside that of the secondary ; nor is it pro- 
bable that these phenomena had been noticed when he wrote. The 
theory thus remained defective until 1803, when Dr. Young showed 
that the supernumerary colours were caused by the interference of two 
portions of light, which, though incident upon the drops of rain at dif- 
ferent angles, were emitted parallel, and reached the eye, after having 
traversed unequal spaces. According to this principle, the places of 
the additional rings, with respect to the primitive rainbows, must vary 
with the size of the drops by which they are formed; but a different 
method of estimating the effects of interference, devised by SirG. 
Airy in 1838, seems to be generally adopted at the present day. In the 
account of the latter system, which is given in a recent publication,’ it 
is stated universally that the calculation shows ‘‘ there is a succession 
of feebler and feebler concentric circles of maximum brightness—in- 
side the principal maximum in the primary bow, and outside it in 
the secondary”’; and no reference being made to the effect of different 
dimensions of the drops, the results obtained would seem to be indepen- 
dent of such variation, from which it may be inferred that the pheno- 
mena are always similar, and that all the drops are equally effective 
to produce them. As many appearances of these bows have come 
under my notice, I can perceive that the conclusions now referred to 
are not warranted by observation; I am, therefore, induced to put 
forward this Paper, in which I shall endeavour to show that the posi- 
tions and breadth of the interference bows do actually vary within 
certain limits, though not perhaps to the extent which Dr. Young’s 
theory would seem to require; also, that the phenomena in question 
can only be produced by drops, which do not exceed a certain size. 
The most usual appearance presented by the additional bows 
agrees very well with the description given in 1722 by Dr. Langwith, 
who seems to have been one of the first to observe them. ‘‘ The colours 
of the primary bow,” he says, “‘ were as usual, only the purple very 
much inclining to red, and well defined: under this was an arch of 
green, then alternately two arches of reddish purple, and two of green, 
and under all a faint appearance of another arch of purple. 
We had here four orders of colours, and perhaps the beginning 
of a fifth; and the breadth of the first series so far exceeded that 


1 Chambers’ ‘‘ Encyclopedia.”’ 
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of any of the rest, that, as near as I could judge, it was equal 
to them all taken together.” (Philosophical Transactions, vol. xxxii., 
p. 248.) On several occasions I have seen bows corresponding with 
this description; but the breadth of the colours was not always 
the same, being sometimes very narrow, and at other times more 
considerable. It does not often happen that so many coloured rings 
become visible together, though in almost every rainbow I find that 
the first additional ring of green can be observed in contact with the 
primitive violet: the appearance of a reddish or purple ring within 
the green is also not unusual; and on less frequent occasions these 
colours are repeated in the same order. In almost every instance 
we can see that the interference rings decrease in brightness as they 
recede from the primitive bow, and they are also narrower than the 
rings which compose the latter. 

On the 26th of June, 1877, at 7-40 p.m., I observed a rainbow 
with supernumerary rings differing in some particulars from those now 
mentioned. In this instance there was in contact with the violet a 
ring of red, which was followed by other rings in this order— green, red, 
green, red, green, red. These colours were almost as bright as those 
of the principal bow; and although the last ring of red seemed 
as brilliant as any of the others, there was no indication of any fainter 
rings beyond it. They were not formed at all parts of the arc, but 
only in positions where the sun seemed to shine strongly; also, the 
breadth of each ring seemed to be equal to the sun’s diameter; and 
the colours observed were red and green—not purple and green, as 
they usually appear. 

The additional colours on the outside of the secondary bow are very 
rarely seen on account of their faintness; indeed, I have not been 
able to notice in this position more than a single green ring, and that 
only on a few occasions. 

An important principle in connexion with the supernumerary 
colours is, that there is a limit to the size of the drops in which 
they are formed; so that, although the smaller drops may produce 
them, those of larger size are quite inefficient to do so. This principle 
may be expected, from Dr. Young’s theory; for it appears, from his 
mode ot calculation, that the number of returns of the rays within a 
given distance from the caustic increases with the size of the drops: 
consequently, the rings being more numerous in equal spaces, the 
breadth of each must diminish as the drops grow larger; and when a 
certain limit is attained, the opposite colours being very close, will 
reach the eye compound or white, just as if no interference took 
place. That this is really the case may be shown by examining the 
coloured rings produced by single drops of rain in the following 
manner :— 

If we take a fine hair, or a slender fibre of flax, &c., and, holding 
both ends of it in the fingers, immerse it in water, again withdrawing 
it in such a manner as will cause some particles of the fluid to adhere to 
it; upon bringing one of these particles very close to the eye, and in 
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a proper position, whilst at the same time the sun shines upon it, we 
shall observe a brilliant arc of rainbow lying apparently within the 
drop, and accompanied by many supernumerary rings. The colours of 
these rings are alternately green and purple, and they are all concen- 
tric with the principal bow. If we now alter the position of the drop a 
little towards the sun, these colours will disappear, and the secondary 
bow, encireled with brilliant supernumerary rings on its outside, will 
come into view. By changing the position of the drop with respect 
to the eye, at the same time retaining it at the proper elongation 
from the sun, we get a view successively of every portion of the arcs 
produced by the drop, and can perceive that the form of each bow is 
nearly that ofa circle, convex to the sun. The curvature of the caustic 
for the secondary bow is much greater than that of the primary, 
so that within the limits of the visible arcs it is seen to intersect the 
primary at two points equally distant from the centre of the drop, its 
supernumerary rings converging towards it as they approach those 
points. 

In order to show that the large drops do not produce the inter- 
ference rings, we may contrive to make a hair take up a comparatively 
large drop of water, or we may bring some of the small drops together 
so as to form larger ones. Now, upon examining those whose dia- 
meters are greater than about; of an inch, we can perceive that they 
form beautiful bows, both primary and secondary, but in each case 
without any trace of supernumerary rings. In these drops, also, it is 
seen that there is ‘‘a continued diffusion of fainter light within the 
bright termination which forms the rainbow,” and the colours of the 
latter are more brilliant and homogeneous than those formed in the 
small drops, especially the red, which is strikingly distinct at the edge. 
The limit of size beyond which interference does not take place may 
be determined by subjecting one of the large drops to a gentle evapo- 
ration. For this purpose the heat of the sun, in summer, will be suf- 
ficient. As soon as the diameter of the drop is decreased below the 
assigned quantity the supernumerary rings will be formed, being at 
first very narrow, though in great numbers, and they will continue to 
be produced at all smaller sizes. Upon examining various dimensions 
of the drop, we observe that the nearer its diameter approaches the 
limit referred to the more numerous are the rings, but the smaller 
sizes cause the colours to be broader. Also, as the size of the drop de- 
creases, the colours produced are somewhat blended, the red of the 
principal bows appearing partly orange or yellowish even at the edge, 
and the supernumerary colours becoming yellowish and dark purple. 
When the drop is still further diminished, the primitive bows are 
exactly similar to the others, consisting of two colours only, and, be- 
fore it finally vanishes, only bright and dark bands are produced. 

The foregoing experiments may be made with other fluids, and it 
appears that the limiting diameter of the drop diminishes as the refrac- 
tive power increases : thus it is less in oil of turpentine, linseed oil, &c., 
than in water. The rings are particularly brilliant and numerous in 
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oil. The principle might also be illustrated by melting small pieces 
of glass into globules of various sizes, and all the phenomena referred 
to can be seen in the dewdrops hanging from slender blades of grass, 
&e. 

The diameter of the largest raindrop which can produce the super- 
numerary colours (estimating it without micrometrical appliances) is 
about 3!; of an inch; but from the general appearance of the bows it 
is probable that the drops which form them are much smaller. Dr. 
Young has calculated the size of those necessary to cause the pheno- 
mena described by Dr. Langwith to be about =4 of an inch, and says it 
would be sufficient if they were between #5 and 35 (Phil. Trans., 
vol. xciv.,p.48). It is certain that a slight difference in size does 
not interfere with the regularity of the bows; for, if we look into 
the web of a very minute spider, which, resembling gossamer, is to be 
met with on the ground, we can often perceive upon it drops of dew 
not exceeding ;}> of an inch in diameter, and these collectively form 
several supernumerary rings, which appear perfectly regular and 
concentric with the outside bow, although it can scarcely happen that 
the drops should be exactly equal in size. 

If the colours of the iris be seen through a telescope, as in M. Babi- 
net’s experiment, in which they are observed in a descending column 
of water let down through a small aperture, it is evident that the limit 
at which interference ceases to take place ought to be greater than 
when the phenomena are observed by the naked eye. Professor Potter, 
in detailing the results of his observations, mentions? that, when the 
water was 51; of an inch in diameter, the interference bars were plainly 
visible, but in some other instances they did not appear at all. He 
has not stated the cause of their non-appearance, but it was probably 
owing to the thickness of the column of water exceeding the limit at 
which interference occurs. 

Dr. Pemberton, in endeavouring to explain why the supernumerary 
colours usually appear more vivid under the upper part of the bow, 
remarks that ‘‘it is most likely they are formed in the vapour of the 
cloud which the air, being put in motion by the fall of the rain, may 
carry down along with the large drops,’”’*® but it being certain that the 
clouds produce no such colours, we should rather attribute the circum- 
stance to the greater abundance of the small drops in the higher re- 
gions, their number being diminished as they descend, on account of 
several particles coalescing with one another, and forming drops too 
large to produce colours by interference. It is also very probable that 
the unusual vividness of these bows, which occasionally occurs, is 
owing to the preponderance of small drops in the shower which pro- 
duces them, and to their general uniformity in size. It may seem in- 
consistent with this explanation, that the additional colours often 


* Philosophical Magazine, May, 1855, p. 321. 
3 Philosophical Transactions, abridged, vol. yi., p. 140. 
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appear very vivid in heavy rains consisting of large drops, but this 
circumstance is easily accounted for. In some of the heaviest showers 
which I have seen, when the rain was carefully observed falling 
between the eye and an aperture in a wall, &c., behind which a dark 
screen was placed, there could be plainly noticed, amongst the large 
drops, a great number of small ones, which, being impeded by the air, 
did not descend with the velocity of the others. These small drops 
may also be occasionally observed in the open air, when the heavy 
drops, descending in oblique lines, are crossed nearly horizontally by a 
multitude of spherules wafted by the wind in various directions. It 
is then these minute particles, which, being present in every shower, 
produce, when more or less uniform in dimensions, the colours of the 
supernumerary bows. 

It would appear, from Dr. Young’s theory, that in the iris formed 
by very small drops there ought to be a dark space between the 
primitive and supernumerary rings; but however small may be the 
particles which we examine, these colours lie close to one another, 
unless, indeed, the primitive bows be supposed to have vanished, and 
that all the rings are ‘‘spurious,”’ being produced by rays of unequal 
lengths. This theory, also, does not explain the fact which appears to 
be well established, that the ordinary rainbow actually occurs within 
the calculated place of the caustic; neither does it explain the mixing 
of the colours at the outer edge of the bow produced by the small 
drops, which circumstance, taken in connexion with the diminished 
intensity of the light, would seem to indicate that, in this case, the 
rays of equal lengths have, at least, partially disappeared, although 
manifestly this does not take place in the large drops. 


NOTE ADDED IN THE PRESS. 


The phenomena here described are those which are seen in 
globular drops; but as small particles of water adhering to a hair are 
generally distorted into a spheroidal form, the bows produced by them 
are somewhat different in figure. Also, if the hair does not pass 
through the centre of the drop, one of the bows is sometimes absent, 
or is divided into branches. The large drops are not sensibly dis- 
torted; and on this account, when I first perceived that they did not 
form additional rings, I considered that the production of the latter 
might be a consequence of the spheroidal figure of the small drops: 
repeated experiments, however, convinced me that such could not be 
the case, and that the different appearances observed in both cases 
were entirely dependent on the size of the particles. 
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XXXIII.—Ses-BEAcHES, ESPECIALLY THOSE OF WEXFORD AND WIcK- 
tow. By G. H. Kryagan. (With Plates 4, 5, 6, 7.) 


[Read January 27, 1879.] 


Tne travelling of sea-beaches is a very interesting subject to the geo- 
logist, but it is one most important to the engineer, as it affects so 
strongly the questions of the proper positions and construction of 
harbours, piers, and groynes. During the time I have been engaged 
on the Geological Survey of Ireland (over twenty years) I have had, 
when stationed in maritime districts, favourable opportunities of ob- 
serving the sea-beaches. This has been specially so during the last 
six years, while I have been engaged in examining the counties of 
Wicklow and Wexford, and in those years the observations made 
were both numerous and minute. 

From the Papers read before the different Scientific Societies it 
would appear that two of the principal points of controversy as 
regards this subject are :—Whether are the wind waves or the tidal 
currents the principal moving agents in the shifting of the beaches ? 
and—Can large stones be carried by somewhat ordinary ocean currents 
in deep water? To these subjects I have also paid special attention. 

I propose laying before the Academy the results of my obser- 
yations, which relate to :— 


I. The travelling of beaches due to the tidal currents. 

II. The effects of the wind waves. 

II. Carriage of stones in deep water. 

IY. The effects of the travelling of beaches on the harbours 
and piers between Hook Point (Admiralty Chart, Ireland, 
sheet xiv.) and Dalkey Island (Admiralty Chart, sheet 
xyl.); concluding with 

Y. A discussion of the groynes on the coast-line between Hook 
Point and Dalkey Island. 


I. Travelling of Beaches due to the Tidal Currents. 


This Paper will more especially refer to the observations made on 
the coast-line of south-east Ireland included in the Admiralty Charts, 
Treland, sheets xiv., xv., and xvi.' On the accompanying map 
(Plate 4) the principal on-shore flow-tide currents have been indi- 
cated; those going with the course of the tide, the counter-currents 
(counter-tides), and the half-counter-tides. 

As pointed out in Haughton’s Manual of Tides and Tidal Cur- 


1 Sheet xy. is on the scale of two inches to the mile. The chart on the scale of 
one inch cannot now be procured ; while the other charts, cn the larger scale, have 
not as yet been published. 
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rents, the wave of the “flow-tide’’ coming in from the Atlantic 
strikes the west coast of Ireland, and divides, part going northward 
round the north coast, and part eastward, along the south coast, until 
it has passed Carnsore Point, where it enters the Irish Sea and flows 
northward until it meets the north wave, in the vicinity of the Isle 
of Man. These waves form, in places, on-shore currents; and the 
most conspicuous of those on the coast-line which we are now con- 
sidering are as follows :—When the south wave passes Hook Point it 
sends a branch to the N.E., along the east shore of the Hook pro- 
montory to Bannow Bay, where, at the Keragh Islands, it is met by 
a ‘‘counter-tide.”” West and east of the Saltee Islands there are also 
two branch on-shore currents. The western Saltee current runs 
north-eastward to Kilmore Pier, where it turns westward and forms 
the ‘‘counter-tide”’ that meets the Hook current at the Keragh 
Islands. At the meeting of these two currents a shoal has accu- 
mulated. Under ordinary circumstances the current from Hook 
carries the beach with it only to the neighbourhood of Keragh, 
as proved by the fact that the stones from the Hook promontory are 
rarely found beyond Keragh. The ‘‘ counter-tide” west of Kilmore 
carries the beach N.W. along Ballyteige Bay; and during the last 
forty years” (since the Ordnance Maps were made), has lengthened the 
Ballyteige sandhills more than two hundred feet. 

The eastern Saltee on-shore current flows first N.E. and then 
eastward along the coast to Carnsore Point, during two-thirds of the 
“< flow-tide” ; but during the last two hours of the ‘‘flow’’® there is a 
“half counter-tide”’ setting westward from Carnsore to the Kilturk 
Bank. The driftage towards the N.E., due to both the western and 
eastern Saltee currents, forms, at their colliding, long ridges called 
St. Patrick’s Bridges, between the two Saltees and between the 
north Saltee and the mainland; while the meeting of the driftage 
due to the east current and to the ‘‘ half counter-tide”’ from Carnsore 
have formed the Kilturk Bank. 

In the Irish Sea the on-shore current runs north from Carnsore to 
Greenore,‘ where three currents, at least, are produced; one going 
north along the east margin of the Long Bank, the second in the 
channel to the west of the Long Bank, while the third sweeps round 
the shore of the South or Ballygeary Bay. The first or east current 
carries fragments of the Greenore and Carnsore rocks and other de- 
tritus to the Long Bank, and from it north-eastward to the Black- 
water Bank, and from the latter to the ‘‘ Shingle Beach,’’ Cahore, 


2 Here and elsewhere forty years is mentioned, as it was about that time the 
Ordnance Survey Maps were published. Prior to them there are no authentic 
records of the coast-line. 

3 This is an average, as the ‘‘ half counter-tide”’ begins sooner during ‘‘ springs ”’ 
than in ‘‘neaps.”’ 

4'The Greenore mentioned in this Paper is in the County of Wexford, and 
must not be confounded with the Greenore to the north (County of Louth). 
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and thence still further northward along the Wexford and Wicklow 
beaches; those fragments having been traced to Greystones, a little 
south of Bray Head. The second or middle current also carries frag- 
ments of the Greenore and Carnsore rocks northward in seven fathoms 
water, as has been proved by Thos. Winder, M. Inst. C.E., the Resi- 
dent Engineer of the Ballygeary Pier, while making a submarine 
survey im connexion with the works; and the third or on-shore 
current carries similar fragments along the beach westward and after- 
wards northward. 

The detritus carried by the second and third currents goes to the 
Dogger Bank® off the mouth of Wexford Harbour. From this bank 
some of the smaller stones are carried along the south or Hantoon 
channel into the harbour, and lodged on the western side of the Rosslare 
Bank; while the rest of these are swept N.E. across the deep water 
to the Blackwater Bank. Few or none of them seem to be carried 
across the North Channel into the North Bay; for, during my nume- 
rous visits to that bay, scarcely a fragment of the Greenore or 
Carnsore rocks was found along its beach; and when found they 
were only to the northward, in the vicinity of the south end of the 
Cahore ‘‘Shingle Beach.” This accumulation of shingle is described 
further on. 

The water of the lagoon causes various complications off the mouth 
of Wexford Harbour, as the tide within the lagoon flows and ebbs 
after the changes of the tide outside. In the early period of the out- 
side ‘‘flow-tide,’”’ the northward current along the Raven and the 
Blackwater cliffs seems due to the efflux from the lagoon, but after- 
wards to a “‘ flow-tide” current. There are alterations in the currents 
due to the changes of the Dogger Bank, but these changes are in part 
due to the wind waves. 

The Cahore Shingle Beach is about three miles long, and is largely 
composed of fragments of the Greenore and Carnsore rocks; with 
these there are others from the cliffs along the Blackwater coast. 
From Cahore Point, during the latter part of the “‘flow-tide,” a 
“‘half counter-tide” runs towards the 8. W., which keeps back the 
“Shingle Beach,” and prevents it from approaching within half a 
mile of the Point. 

Opposite Courtown (north of Cahore) is the ‘‘nodal’’ or “hinge 
line”’ of the tides in the south portion of the Irish sea, where the rise 
is least and. the current greatest. The on-shore current sweeps the 
coast line from Cahore to Kilmichael Point; but off the latter it is 
met by a ‘‘counter-tide,” the meeting and colliding of the two form- 
ing the ‘‘ Kilmichael Race,” which extends from the Point to off the 
north end of the Glassgorman Bank. The refuse from the shipping 
at Courtown Harbour, such as bits of brick, tile, slate, coal, &c., are 
principally stranded along the beach a few miles S.W. of Kilmichael 


R ° This Dogger Bank must not be confounded with the bank in the German 
cean. 
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Point. On this beach Greenore and Carnsore rock fragments are not 
uncommon; but in the two small bays to the north of the Point, the 
gravel and shingle is made up almost solely of the local rocks, many of 
the fragments being more or less angular. In connexion with these 
two bays are interesting phenomena to be mentioned hereafter in con- 
nexion with the wind waves. 

From Arklow to Wicklow Head the general driftage of the beaches: 
is northward; but in connexion with most of the headlands there are 
‘half counter-tides”’ for a few hours before high water, especially dur- 
ing springs. The debris from the shipping at Arklow is principally 
beached on the strand S.W. of Mizen Head; off Wicklow Head 
there are short ‘‘ counter-tides” forming two or more races, the 
principal one being Bride’s Race. 

North of Wicklow Head a current from the S.E. strikes the 
coast line at Six-mile-Point, and there divides, part going northward, 
but a considerable portion southward, to form the counter-tide that 
carries the beach with it towards Wicklow. To its meeting with a 
current from the south is due the just-mentioned Bride’s Race. In 
connexion with Wicklow Head there is, before high water, a ‘‘ half 
counter-tide’’? running east to Wicklow town, which prevents the 
“full”? beach extending south-eastward to the head. The current 
going north from Six-mile-Point is deflected by the land drainage 
from The Breaches; and at the colliding of these, the ‘‘ Breaches. 
Shoal”? has accumulated. North of The Breaches a current runs 
northward to opposite Delgany, where it is met by a ‘‘ counter-tide,”’ 
and in the dead water produced at their junction the Mouldditch 
Bank has been formed. 

Farther north a current from the south-eastward impinges. 
on the coast near Greystones, a part going south to form the just- 
mentioned ‘‘counter-tide,”’ and the rest northward to Bray Head, off 
which it is met by a “‘counter-tide,”’ and at their meeting a race is 
formed. 

To the north of Bray Head a current from the S8.E. strikes. 
the coast line at the tower No. 4, near the middle of Killiney Bay : 
here it divides, a part constituting the ‘‘counter-tide” that runs S., 
carrying the beach with it to Bray, and from thence running to Bray 
Head to form the previously-mentioned race. Here, as at Wicklow, 
there is a little before high water, a current running E. from the 
Head to the 8. end of the strand, which prevents the ‘‘full’”’ beach 
extending to the high ground of the hill. Another similarity between 
these two beaches is, that from tower No. 4 to Bray, and from Six- 
mile Point to Wicklow, the pebbles forming the beaches gradually 


6 These currents seem to occur at every rocky headland immediately before 
high water, especially during springs. They are of such short duration that usually 
they pass unobserved—yet they are important, as to them is due that the beach is 
kept back from reaching to the Heads. 
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increase in size, and at the south end of both strands the beaches are 
principally shingle.” From tower No. 4 the beach in Killiney Bay 
travels northward with the current; but in the vicinity of Dalkey 
Island there is, a little before high water, a ‘‘ half counter-tide”’ 
south-westward. 

The ‘‘ ebb-tide”? waves flowing out of the lagoons and estuaries 
deepen the channels and cut away the beaches margining the 
narrows; but elsewhere on this coast line they do not affect the 
beaches, except in the vicinity of Courtown, where the average rise of 
tide is about three feet. Even here the travelling of the beach, which 
is solely due to the ebb-tide current, is very small, as it only continues 
for an hour or so during spring-tides. 


Il. The Effects of the Wind Waves. 


The waves of this class that act on this coast are of two kinds, 
viz., “ground swells,” or waves generated by storms in the Atlantic 
or the Channel, and the waves directly due to the winds blowing on 
the coast. Their effects are either to pile up and fill the beaches, or 
to cut them out. 

The ordinary wind waves assist the ‘‘flow-tide”’ current if both 
waves are going in the same direction, or if the wind waves strike the 
beach at an acute angle; if they strike the beach at a right angle they 
fill it up, forming ‘‘fulls’”’ and ‘‘storm beaches,’ while if they are 
running in a more or less opposite direction to the flow-tide they cut 
out the beach. As an example: Let the flow-tide current be from 
south to north on aneast coast. Ifthe wind is blowing from any point 
between S. and E., E.S.E. by E. the wind waves assist the tidal current ; 
but if it is blowing any point between E.S.E by E. and E.N.E by E. 
strong, the wind waves will stop the travelling of the beach, and pile 
it up, forming “ full” or ‘‘storm beaches;” while if the wind is 
coming from any point between E.N.E. by EH. and N. a “‘ cutting out 
tide”’ is the result. This cutting out is due to the ‘‘ dancing waves,” 
generated by the meeting of the tidal current and the wind waves, 
which toss and churn up the sand and other detritus, thus causing it 
to be carried out by the back-wash into deep water. A continuous 
heavy wind in the same direction as the flow-tide will accelerate the 
carriage of a beach to such a degree that every particle of sand, gravel, 
and shingle may be carried with the tide, thus leaving the up-stream 
portion of a beach empty. These seem to be the general effects; but 
near Courtown, where the difference between low and high-water is 


7In a Paper ‘‘ On the Drifting power of tidal currents versus that of wind 
waves”’ (Proc. Royal Irish Academy, 2nd ser., vol. ii. p. 448), I have demon- 
strated that the reason why the larger pebbles occur down stream on some beaches 
is because the “‘ back-wash’’ carries down and out to sea the small gravel and 
sand, leaving behind it on the slope of the beach the larger stones, which are pushed 
higher and carried farther along the beach by each successive wave. 


R. I. A. PROC., SER. II., VOL. III.—SCIENCE. Q 


196 Proceedings of the Royal Irish Academy. 


only a few feet, and when the “‘ebb-tide” current is excessive, 
during heavy storm waves, the cutting out seems to continue for a 
little time into the ebb. 

‘Ground swells”’ act differently to the ordinary wind waves, as 
they break in on the coast line, perpendicularly or nearly so, with an 
undulating or rolling motion which generates a considerable “‘ suck” 
or back-wash. The wind waves, which on one portion of a coast 
line assist the tidal current when this latter is flowing in a normal 
direction, may, on another portion, where there is a ‘‘ counter-tide,” 
act differently. This is exemplified in the embayment between Hook 
Promontory and the Saltee Islands. Here a gale from the 8. W. assists 
the tidal current between the Hook and the Keragh Islands, and 
rapidly carries the beach to the N.E. ; but the same gale striking the 
beach in “‘ the bite” on the north of Crossfarnoge Point, to the east of 
Ballyteige Bay, where it is perpendicular to the tide current, forms a 
great “full”, while along the Burrows to the north of this bay it 
meets the counter-tide obliquely, and cuts out the beach. Such winds 
also stop the seaward driftage of the shoal at Keragh Islands, thus 
causing great ‘‘fulls’? in the strands at this part of the coast line, 
During such winds, at certain seasons, great masses of sea-wreck or 
drift seaweed are piled up in ‘‘the bite”’ to the north of Crossfar- 
noge. These weeds grow principally on the rocky bottoms adjoining 
the Saltee Islands, and during May and November, the seasons for the 
shedding of their leaves, the storms set the leaves afloat, and the tidal 
current carries them northward into Ballyteige Bay, where they are 
met and stopped by the storm waves and driven on shore at ‘‘the 
bite,’’ to be stranded when the tide ebbs. Under ordinary circumstances 
the slope of the beach at ‘‘the bite’”’ is less than 10°, and sometimes 
only 5°, but after a twenty-four hours’ 8. W. gale the slope often rises 
to over 35°. Three or four high tides, however, will reduce it nearly 
to its normal condition; the ‘‘full”’ being carried N.W. along the 
strand of the Burrows rapidly filling up what had been cut out by the 
gale. 

Between the Saltees and Carnsore, S.E., and S. winds accelerate 
the travelling of the sands to the Kalturk Bank; but here they are 
met by the ‘‘ half counter-tide,” thus causing “‘ fulls”’ in this locality. 
In this place, at. the proper seasons, there is also a great stranding of 
sea-wreck. These weeds grow near the Saltees to the southward, and 
near Carnsore to the eastward, and are carried to this locality by the 
tidal current from the S. W., and by the ‘‘ half counter-tide”’ from the 
E. Ordinarily the weed is beached on the coast at the small headland 
near Kilturk ; but if, while it is floating, there is a gale from the SB. E., 
a considerable quantity of it will be landed on the shore N.E. of 
Carnsore. 

Observations in connexion with the “ half counter-tide”’ running 
westward from Carnsore are instructive. In a gale from the 8. W., 
during the first four hours of the “ flow-tide,”’ the beach travels 
rapidly towards Carnsore ; but after the ‘‘ half counter-tide”’ sets in, 
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the driftage is westward. This forms a ‘‘ full” (a, Fig. 1, Pl. 5) on 
the slope of the beach, and gives the beach a lower (6) and an upper 
(ce) slope, with a cess, as the Dutch engineers call it (a ¢), between ; 
thus producing a section, of a form best calculated to break the force 
of the waves in the succeeding two hours of the full tide, which prevents 
the storm waves from having full effect on the coast line. Ordinarily, 
however, this beach is much cut out, especially by ‘‘ ground swells;” 
and when the shores are empty, gales, whether from the S. W., S., or 
8. E., have great effect. Consequently, during the last forty years, 
the coast line between Lady’s Island Lake and Kilmore has been con- 
siderably denuded away, especially in the vicinity of St. Patrick’s 
Bridge. These beaches, during the continuous E. and N. E. winds of 
the spring of 1876, changed from their ordinary gravel into ‘“fulls” of 
shingle. This must have been solely due to the ‘‘ flow-tide”’ currents, 
as for months no wind waves broke on the coast. 

On the east coast, between Greenore and Dalkey Island, as a 
general rule the beaches are travelling north, and this is accelerated 
by the south and south-east winds ; there are, however, long stretches 
ot beach swept by ‘‘ counter-tides,”’ at which places these winds gene- 
rate ‘‘ cutting-out tides.” Although the most continuous winds are 
those from the S. W. and W.S. W., yet they are not effective winds, 
as they come across the land; their only effects being those due to the 
‘‘oround swells” generated by them and the driftage seaward of the 
AKolian sands, so prevalent on the east coast line of Ireland. The 
winds that do the most damage on this coast are those from the 8. W. ; 
but the most continuous that effect the beaches are those from points 
between E. and N., and their results are perhaps the most interesting. 

The points of interest in the South or Ballygeary Bay, N. W. of 
Greenore, will have to be mentioned hereafter when describing the 
harbours and groynes, so at present they may be passed over. In the 
North Bay all winds seem to ‘‘cut out,” this being due to the com- 
plication of the tidal currents, the beaches rarely being full, except 
in the summer and autumn, when there are no winds. On account of 
the great cutting out along this beach, the marginal cliffs have been 
vastly denuded within the last forty years. The ‘‘Cahore Shingle 
Beach,” at the north of the bay, is fullest during S. and 8. E. gales; 
while it is cut out by winds from the N. E. and by “ ground swells.” 
After 8. and 8. W. gales it is often smothered up with fine sand, 
blown from the adjoining accumulations of AMolian drift. 

A little N. W. of Cahore Point is Poulduff Pier, with the beaches 
accumulated since it was erected, while farther northward are the 
piers and other works at Courtown. These will be described hereafter ; 
but it may now be mentioned that between Cahore and Kilmichael 
Points the driftage is nearly altogether northward, and accelerated by 
the 8. and §. E. wind, while the N. to E. winds cut out the strands. 

On the coast line S. (Fig. 4, Pl. 6) and N. (Fig. 5, Pl. 6) of Kil- 
michael Point there has been considerable denudation of the sandhills 
since the Ordnance Survey was made (forty years). In the first locality 
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over 37 acres have been carried away by gales from the 8.E. Here there 
isan excessively swift tidal current to the N.N.E., which, under ordi- 
nary circumstances, carries all the beach with it, and leaves no pro- 
tection between the sea and thesandhills ; consequently, under these 
circumstances during 8.E. gales the wind waves have full power on the 
latter, which they then rapidly denude away. As previously mentioned, 
off Kilmichael Point, to the N. E., is a “‘race,” due to the meeting 
and colliding of the just-mentioned tidal current and a “ counter-tide ” 
coming from the northward; but the latter is affected by continuous. 
winds from the north and north-eastward, prolonging it southward, 
and forcing the ‘‘counter-tide” round the Point into the bay to the 
south thereof. Consequently, under such circumstances these winds, 
instead of cutting out, form ‘‘fulls”’ for about a mile in the strands to 
the 8. W. of Kilmichael Point, thus preserving the sandhills. The cross 
sections accompanying Fig. 4a, Pl. 6, show this beach to true scale. 
No. 1 represents the beach in June, 1875, when it was one continuous 
slope, up which the storm waves from the S. E. could rush with full 
force ; while cross section No. 2 shows exactly the same line after con- 
tinuous gales from the north-eastward, which had accumulated a wide 
foreshore that perfectly protected the sandhills from the S. E. gales.® 

Northward of Kilmichael Point, in the bay at the mearing of the 
counties Wicklow and Wexford, the denudation of the sandhills has 
also been considerable within the last forty years (Fig. 4, Pl. 6), more 
than 20 acres in the townlands of Cloon, Lower and Upper, having been 
swept away. Here there is a ‘‘counter-tide” running S8., and the 
wind from points between E. and N. accelerate the southward travel- 
ling of the beach, but E. winds cut it out. During none of my visits 
were the beaches “full,” there being a gradual slope, up which the 
storm waves from the 8. E. could run with full force, and impinge on 
the sandhills. According to the information supplied to me, the latter 
are only denuded by 8. E. gales, these being most effective when the 
strand is empty.* 

Farther northward are the beaches of the bays at Wicklow 
and Bray ; it is here unnecessary to describe them further than to 
mention the ‘‘storm beaches.’ These peculiar ridges are very rare S. 
of Wicklow Head; im fact, on that portion of the coast they are so 


8 This is a most remarkable place, as, in recent years, the sandhills at one time 
seem to be forming, and at others wasting away. Some of the old men can point 
out the extensions of the sandhills prior to the Ordnance Survey, and the roads that 
used to lead to them, which now end at steep cliffs; while one old man, in June, 
1875, pointed out, in a cliff that had only been uncovered the previous winter, an 
old quarry that must have been worked with iron tools prior to the accumulation of 
the sandhills that existed when the Ordnance Survey was made. 

9 Although I visited this place frequently, I never had the satisfaction of find- 
ing the beach ‘‘full”’ ; while the information I received was unsatisfactory, as the 
native said, ‘‘everything travels to the north.’”” Yet I could prove by the carriage 
of the rock fragments, also by the experiments made at my different visits, that the 
beach travelled south during ‘‘ flow tide ”’ (‘‘ counter-tide’’). 
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indistinct, that no one unacquainted with such accumulations would 
observe them; but they are characteristic of the 8. portion of the 
strands of Wicklow and Killiney Bays, always occurring in connexion 
with the ‘‘ counter-tides.””’ They are best developed during directly 
-on-shore gales from the E. If formed during the rise of the spring 
tides, each ridge after being produced is destroyed by the next ‘‘ flow- 
tide,”’ but if formed during the fall of the springs, successive nearly 
parallel ridges accumulate (Fig. 2, Plate 5), which remain till the next 
spring, when they are levelled, and the material carried southward.” 

It ought to be specially pointed out, that the storms which cut out 
the beaches may not be the same as those which denude away the marginal 
cliffs. The beaches are principally ‘‘cut out”? by ‘‘ ground swells,” 
or storm waves, that come in an opposite, or obliquely opposite, direc- 
tion to the ‘‘flow-tide’’ current, or they may be carried forward by 
the sole agency of the tidal current, or by the latter assisted by wind 
waves coming in a similar direction. Any of these causes may scoop 
out or sweep a strand bare, and leave it with little or no beach; and, 
under the latter circumstances, the storm waves act with full force on 
the marginal cliffs." A small storm when the strand is empty may 
-do great damage on the coast line; while a great storm with a full 
beach will do scarcely any. The best section of a beach seems to be 
that similar to Fig. 1, Plate 5, having below, or to seaward, a slope (6), 
above which is a flat or ‘‘cess” (a, c), and higher up a second 
slope (¢), which is succeeded by a second ‘‘ cess.”” Such beaches, how- 
ever, seem to be of rare occurrence, they usually having cross sections 
similar to that in Fig. 4a, Pl. 6, with a slope below and a wid ‘‘ cess” 
above; but on the “‘ cess’’ in this case the waves lose a great deal of 
their power before they reach the marginal cliffs. 

Extraordinary high tides, unaccompanied with wind, seem to do 
little or no damage on an open seaboard. In March, 1867, there was 
remarkably high tide on the coast of Galway, the traces of which 
were scarcely perceptible along the open coast, even on the sandhills; 
but in the land-locked bays it did considerable damage to the piers 


10 On this portion of the Irish shore, where there is a tidal current, the “‘ storm 
beaches’’ only exist during the intervals between the spring tides; but in other 
places, where there is a ‘‘rise”’ and ‘‘fall’’ of tide, but no currents, the “ storm 
beaches”’ remain, and add to the extent of the land. The latter is very well seen 
in North Wales, along the coast line of Morecambe Bay, as also in other places. 

1 After very wet seasons great falls of the cliffs often take place ; but until the 
debris is denuded away, few or no further falls will take place. The natives will 
often tell you that so many yards are going yearly, and in proof of this assertion 
will point to the waste of the previous winter, they supposing that the same happens 
every year. The greatest falls occur at the highest cliffs, on which account the 
greatest waste is supposed to be taking place in these localities; but after careful 
calculation I find this not to be the case. None of the high cliffs reach an average 
waste of -75 ft. per annum, and generally the loss is less than °5 ft., while in 
places the low cliffs have been denuded away as much as 2°5 feet per annum. The 
greatest denudation on the whole line of coast between Hook and Dalkey is at the 
low cliff near St. Patrick’s Bridge, Kilmore. 
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and sea walls. This damage was not due to the direct force of the 
waves, but to other circumstances. In this county nearly all the 
piers and walls have vertical or nearly vertical faces, and at the time 
mentioned, on account of the greater height of the water, these faces 
caused waves to rise, that fell on and behind the piers, thus removing 
the coping stones, and in places breaking the structures. In some 
places the sea walls were similarly injured, while in others the water 
flowing over the walls cut away the backing, and gradually cut out 
breaches from the inside to the outside. 

On January 3, 1877, there was on the east coast a very high tide, 
which along the Wicklow coast was accompanied by very moderate 
wind.” This did considerable damage to the Dublin and Wicklow 
Railway between Greystones and Wicklow ; not so much by the direct 
force of the waves as by their height, they flowing over the line, and 
the overflow cutting into the land side of the embankment, thus gra- 
dually eating out the breaches. In no place did a breach commence 
at the outside. This tide did not cause a ‘‘full”’ of the beach, 
although it pushed the margin higher and more inland than formerly. 
Between Newcastle and the Wicklow Chemical Works it encroached, 
in places, as much as three yards, into the Murrough (anglice sea 
plain); and the beach after the tide presented a gradual slope, having 
shingle and gravel to the margin of the old beach with fine sand in 
the new portion. Elsewhere along the east coast of Wicklow and 
Wexford this high tide did little damage. It invaded kitchen mid- 
dens and such like accumulations in the vicinity of the towns, and 
floated out vast numbers of bottle corks, which in all cases were car- 
ried northward by the “‘ flow” and stranded along the margin of the 
full tide. 

During the last six years various experiments were made during the 
different stages of the tide, while the wind was blowing in different 
directions, as also when ‘‘ ground swells”? were coming in, to test the 
travelling of the beach, and also to discover what caused the ‘‘ cutting 
out”’ of the beaches, and their fillmg in with white quartz pebbles 
about the size of hen eggs. The effects of each wave were noted ; 
these, of course, cannot now be described in detail; we shall give only 
the general conclusions arrived at in regard to this portion of the east 
coast. We cannot do the same for the coast between Carnsore and 
the Hook, as the ‘‘ counter-tides”’ there cause so many complications. 


22 At Kingstown Pier, Co. Dublin, the wind was from the east at 8 a.m., with 
a force of 7, and veered to the 8S. 8. E. by 6 p.M., gradually falling to a force 
of °3. 

13 This nearly always is the cause of breaches in the steep-faced embankments 
so general in Ireland to protect the different intakes; they all fail from the water 
topping them and breaching them behind. 
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Summary a the General Effects of Tides and Winds on the East Coast 
between Carnsore and Dalkey. 


W. and S.W. Winds 
generate ‘‘ ground swells.”’ In places they drift the sand from 
the land out to sea, and on to the beaches. 


S. Winds 
in places cause ‘‘fulls’? at the northern extremities of the 
strands, due partly to the banking up of the beach, and partly 
to the land driftage of sand. They often generate ‘‘ ground 
swells.” 

S.E. Winds 
carry away the southern end of the beaches, to fill them in at 
the northern. At Poulduff (Cahore), two strong twelve-hour 
gales are said to be sufficient to cut out the ‘‘fulls” south and 
north of the pier. 

E.S.E. by E. to E.N.E. by E. 
generally heap up the beaches. In places, however, on account 
of coming obliquely to the flow-tide current, they in part cut 
them out, forming transverse ridges on the beach, Fig. 4, Pl. 5 
The first drives up sand, gravel, and stones, and strands them ; 
while the second ‘‘ licks” them out. To form this class of beach 
the wind waves are not as effective as the tidal currents, and the 
materials are more stranded than removed; so that while the 
wind lasts the strand fills. 


N.E. Winds 
cut out the northern portions of the strands, while they often 
“fill”? the beach to the southward. The most remarkable 
‘‘fulls’”? due to these winds are the previously-mentioned 
“‘fulls”? to the S.W. of Kilmichael Point, the ‘‘fulls”’ in the 
strand near Wicklow, and in the strand near Bray. In the first 
locality, ‘after the continuous winds from the north-eastward 
during the spring of 1876, a foreshore formed, in places over 
200 yards wide, at the base of a cliff, where, during the preyi- 
ous winter, there was deep water. 

N. Winds. 
No direct influence of these winds was observed, except that 
they seemed to retard the flow of the tide up the Irish Sea. 

Ground swells, 

with the ‘“ flow-tide,” usually “cut out.”” They sometimes 
form transversely-ridged beaches similar to those due to EK. 
winds (Fig. 4, Pl. 5); but in such cases the cutting out is genc- 
rally in excess. 
At the beginning of the ‘‘ebb-tide,’” sometimes ‘‘ cut out,” 

especially near Courtown. 
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Ground swells—continued. 


With E. winds, sometimes seem to assist in filling the beaches, 
but with N.E. winds they ‘cut out.” 

With the ‘“‘ counter-tides,”’ ‘‘ cut out” the beaches. 

With the ‘half counter-tides,’ sometimes “ fill in” the 
beaches. 


The cutting out due to ‘ground swells’? and contrary winds is 
different from that due to the S.E. winds; as the latter carry the 
beach forward, while the other suck out the beach into deep water. 
“*Ground swells” due to S. winds break on the shore line nearly as 
quickly as ordinary wind waves; but the waves of the other ‘‘ ground 
swells’? have intervals of one, two, five, or more minutes between 
them ; the latter are much larger than the wind or tidal waves, which 
may be breaking at the same time, rise much higher on the beach, and 
often at one sweep carry away a mass of material that it has taken 
a number of the small waves to pileup. Some of the big waves, or 
‘“‘yollers,”” that visit the coast on rare occasions, are due to earth- 
quakes. 


Til. Lhe Carriage of large Stones in Deep Water. 


On the coast of Galway, in many of the small bays or strands, are 
beaches composed of very large, roundish shingle, many of the blocks 
weighing two or three cwt. and a few over a quarter of a ton. These 
beaches were found to be fuller after storms than at other times; 
many of the blocks were derived from rocks situated more or less to 
the southward of the beaches, and those blocks, in order to reach the 
positions in which they were, must have travelled through water fif- 
teen or more fathoms deep. As, after storms, laminaria and other deep- 
water seaweeds were observed to be attached to the blocks most re- 
cently brought in, a series of observations were made during the calms. 
It was ascertained that, in places both in the bays and in the open sea, 
in water from twenty fathoms deep to low water of spring tides, 
there are variously-sized blocks scattered about irregularly on sandy 
bottoms; and on these seaweeds grow rapidly, some having leaves 
whose measured lengths were over twenty feet. It was also found that, 
when the leaves were full grown, the weeds made the stones buoyant ; 
in some cases so much so that they were, during each “ flow-tide,” 
drifted from their places towards the shore. By other observations it 
was found that places which had been dotted over with stones, with 
sea weeds attached, were after storms free from them. This was 
ascertained by marking favourable spots on the chart, and visiting 
them as soon as possible, during low water, after a storm. Some of 
these stations were four miles from the coast line. 

Mr. J. Chaloner Smith, M. Inst. C.E., pointed out to me a sandy 
strand, below the south end of the Bray shingle beach, which was 
supposed to be always free from blocks. Circumstances prevented me 
from making observations here, therefore I turned my attention to 
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-a similarly circumstanced sandy strand at the west end of the Tacum- 
shin AXolian sand ridges (Chart sheet, xiv.), which was visited during 
low water on April 4, 1876, after a heavy gale from the 8.W. Sec- 
tion (Plate 5, Fig. 3) represents the form of the beach. Below, at the 
line of low water, there was nearly level, undisturbed fine sand; next 
above this was a slope of shingle, mixed with gravel and sand. At 
A and B, above and below the shingle slope, were lines of blocks 
with deep-seaweeds attached to them, and a few similar blocks were 
scattered over the slope, while they were very numerous on the 
nearly flat undisturbed sand, between B and C. As the tide rose, 
the blocks to which seaweed was attached began to travel landwards, 
although there was no wind, and only shght waves, due to a ‘“‘ ground 
swell.’ When visited twenty-four hours afterwards, not a block 
remained on the fine sand, and only a few on the shingle slope, 
they having been collected into horizontal lines at A and B. Subse- 
‘quently this beach, as also others similarly cireumstanced, were visited 
after storms, and in all cases the results were the same; as the large 
stones attached to deep-seaweeds were brought in, and in one or two 
tides sorted and arranged in lines, below and above the slope of the 
beach. 

When discussing this subject with Mr. Thos. Winder, M. Inst. 
‘C.E., he mentioned that after he had ran out the Dover Breakwater 
into ten fathoms water, ‘‘ pebbles, during storms, were carried round it, 
foundations opened were filled with sand and gravel, the pebbles usu- 
ally not being larger than nuts, but sometimes as large as hen eggs; 
while rounded chalk flints, from the Shakespeare Cliff, were carried to 
the end of the breakwater’’; also that a piece of iron plant, about 1°5 
feet by 2 feet, and 1-5 inches thick, was, during a gale, blown off the 
stage, and carried about twenty feet to leeward, or about thirty feet 
from the end of the work, in water about ten fathoms deep. “I traced 
the track of it through the small thread-like seaweed, and my conclu- 
sions, as I stood on the sea-bed, were that the sea undoubtedly moves 
things which may fall upon, and stand above, the general sea-bed in 
‘depths of ten fathoms; although it does not move the fine and tender 
growth which my feet trod into the surface, and my hands easily 
pulled out of it.” 

During storms large stones, with deep-seaweed attached, are car- 
ried up on to St. Patrick’s Bridge, near Kilmore, county Wexford, 
as also on to the tidal portion of the Long Bank off Ballygeary Bay. 
At the Kish Bank, off Dublin Bay, an attempt was made to erect a 
lighthouse on screw piles; but it was given up, as the flanges of the 
piles were broken by large blocks in the accumulation of sand. Such 
blocks were probably carried by seaweed to this shoal, as the shifting 
nature of which shows that it is the result of the action of the present 
sea, and not a submerged hill of boulder drift. 

From the foregoing observations it would appear that large blocks 
can be drifted in considerable depths of water: not by the simple im- 
pulse of the currents or storm waves, applied directly to them, but by 
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that action, combined with the buoyancy given to the stones by the 
growth of the seaweed on them. ‘Tidal currents of great depth, if 
there is sufficient weed attached to a stone, would, although slowly, 
yet gradually carry it into water of a sufficient depth to be influenced 
by storm waves, after which the driftage would be accelerated. In 
some cases I have observed that the buoyancy of the weeds attached 
was superior to the weight of small stones, and that the latter, when 
lifted from their sand bed, were at the mercy of the currents. Thus 
any stone, no matter what its size, if the buoyancy of the weeds at- 
tached exceeded its weight, may be drifted by a tidal current in any 
direction, no matter what depth the water between the place from 
which it first started to that at which it was finally stranded. In con- 
nexion with the growth of seaweed, it may be mentioned that at the 
Ballygeary pier, during the time the works were discontinued in 1877 
till the resumption of operations in 1878, the divers found the foun- 
dations (consisting of bags of concrete), laid down the previous year, 
“overgrown by a thick forest of seaweed over eight feet in height.” 


IV.—The Effects of the Travelling of the Beaches on the Harbours and 
Piers between Hook Point and Dalkey Island. 


The principal piers and harbours on the coast line between Hook 
Point and Dalkey Island are those at Kilmore, Ballygeary, Wexford, 
Poulduff (Cahore), Courtown, Arklow, Wicklow, Greystones, and Bray. 
All of these, except those at Wicklow and Greystones, are unsatisfactory 
on account of the driftage of the beaches, in addition to which there is 
at Courtown and Arklow the land sand driftage. The present state 
of these different harbours and piers seems due to there having been 
no allowance made for the travelling and the stoppage thereat of the 
beaches under the influence of the tidal currents and wind waves. 
Their condition suggests that in all such constructions, if it is possible 
to avoid it, no impediments should be placed in the line in which the 
beach naturally travels; also that the piers ought to be perpendicular 
to the coast line, and not curved; as those of the first class act similar 
to the headlands, and generate a ‘‘ half counter-tide”’ a few hours be- 
fore high water, which keeps sand from accumulating alongside them. 

Kitmore Quay.—This is situated on the South Wexford coast, 
about half way between St. Patrick’s Bridge and Crossfarnoge Point 
(Fig. 1, Pl. 6). The harbour is sheltered by the pier from the W. and 
S. W. winds, but it is open to 8. E. and E. winds, and when these 
blow strongly the fishing boats have to be drawn into the ‘‘ old boat 
harbour.” The ‘‘flow-tide” driftage goes N. E. from the Saltees to- 
the St. Patrick’s Bridge, and from thence westward to Crossfarnoge ; 
and, being stopped by the pier, it is rapidly silting up the harbour. The 
driftage of the beaches and the direction of the more prevalent and 
destructive winds being as described above, it would appear that the 
most advantageous situation for the quay would have been on St- 
Patrick’s Bridge ; while to protect the harbour from the S. and 8. W. 
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winds a breakwater could have been erected in the strait between 
Crossfarnoge and the North Saltee. Such structures would have con- 
stituted a harbour protected from all bad winds, and at the same time 
would not have presented any obstacles to the free driftage past of 
the sands and beaches. 

Bartyerary Sup Prer.—This is now in course of erection. It is 
to consist of a pier in deep water, which is to be connected with the 
land by a viaduct. The shipping will have harbourage on the east 
side of the pier, while the beach can drift past under the viaduct and 
thence westward along the shore line. When it was commenced, a 
short land pier was run out to low water of spring tide, from which 
the viaduct should start: this land pier, however, acted as a groyne, 
and the small embayment to the east rapidly filled up. To this 
we will return hereafter in conme-aion with the description of 
groynes. 

Wexrorp Harzour.—The eine sands at the entrance into Wex- 
ford Harbour have been, from time “immemorial, a source of annoy- 
ance and expense to the inhabitants of the town; but as that eminent 
engineer Sir John Coade, M. Inst. C. E., has lately reported on them, 
it would be presumptuous in me to make any remarks or suggestions 
about them. 

Poutpurr Quay (Cahore).—This was built for the convenience of 
the boats during the herring fishing, and for landing the cargoes of 
vessels during calm weather. It is a pier running out at right angles 
to the beach, and having in the centre of it a culvert to carry off the 
drainage from the Cahore flats; while at a little distance from the 
end of the pier, and connected to it by a wooden bridge, is a short break- 
water (Fig. 2, Pl. 6). This has been a complete failure in every way, 
as north and south of the pier great ‘‘fulls”’ have collected, which not 
only prevent boats approaching the pier, but also have stopped the 
mouth of the culvert. As previously mentioned, the driftage south 
of Cahore Point moves northward, and after it passes the point it 
turns westward into the Poulduff beach, where it is stopped by the 
pier. N. HK. winds cut the “full” to the north of the pier, but they 
are prevented from acting on the south ‘‘full” by that structure ; 
and as long as the south ‘‘full’”’ remains, the pier continues banked 
up; for as fast as the north ‘“‘full”’ is cut out it is replenished from 
the south one. This pier is never clear, except after a storm from 
the 8. E., which has caused both the south and north ‘‘fulls”’ to travel 
rapidly northward. 

When the conditions of this locality are considered, it would 
appear that when the pier was first contemplated the site chosen for 
it ought to have been near Cahore Point. If it had been erected there 
it would not have interfered with the present driftage, while it 
would have given shelter to the boats from the 8. and 8.E. winds. 
Under present circumstances, the pier might be greatly improved by 
securing and making permanent the south “full.” This could be 
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effected by piling, or a concrete wall along its margin.* If this were 
done, the north ‘‘full”? ought soon to be carried away by the tidal 
‘driftage and the cutting out of the N. E. winds. 

Courtrown Harsour.—This has not been a successful undertaking. 
The work consists of two parallel piers leading to a small basin, into 
which the Owenavorragh has been conducted by a canal cut from 
Courtown House (Fig. 3, Pl. 6). Within and near the mouth of the 
harbour a bar accumulates, over which it is both difficult and dan- 
gerous to haul the boats except in calm weather. 

None of the conditions of the locality seem to have been considered 
in laying out this harbour. As at Poulduff, so here also, the most ad- 
vantageous site would have been near the point (Breanoge Head) ; 
besides, the two piers should not have been of equal length : it is in con- 
sequence of their being so that the nearly impassable bar is formed. 
The driftage and cutting out of the beach is similar to that at Poul- 
duff, but the N. E. winds have little or no power between the piers 
to cut out the bar.” 

There seem to be facilities for constructing, even under present 
circumstances, a good harbour in this locality for a coasting trade. 
But to do this the south ‘‘ full” would have to be secured and made 
permanent by a retaining wall from Breanoge Head to the south pier : 
the latter should be lengthened into deep water by a stage similar to, 
but higher than, that which is now in ruins; while the north pier 
ought to be cut away, and the land driftage from the sandhill to the 
north prevented by a wall or trees. ‘The retaining wall from Breanoge 
Head would prevent detritus accumulating on the south of the piers, 
to be carried by every ‘‘ flow-tide”’ into the harbour mouth. A stage 
instead of a solid pier would not interfere with the driftage, while the 
cutting away of the north pier would give the N. E. winds full power 
of cutting out any bar that might accumulate. 

Arklow Harbour is circumstanced somewhat similarly to Courtown 
Harbour. I hope to describe it fully elsewhere. 

Wicktow anp Greystones Harzours.—At these localities the obser- 
vations made were not sufficient to be of much value. At Wicklow 
the shingle beach does not travel far enough south to block the 
entrance. This seems to be due to the ‘half counter-tide” previously 
mentioned, which a few hours before high water runs from Bride’s 
Head westward. It might have been expected, that as the head 
waters of the Vartry, which river here flows into the sea, were cut 
off some years ago to supply Dublin with water, some alteration 
would have since taken place in the condition of the bar at Wicklow 


14 Piling fails on this coast on account of the worm; it is therefore not to be 
recommended. 

18 Some years ago the end of the north pier was carried away by a storm, and 
while it was in ruins the bar diminished, but since the pier was repaired the bar 
has been as bad as ever. 
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Harbour. Yet, as I have been informed, the river bar has not per- 
ceptibly changed since that time. 

Bray Harbour has met with various disasters, which I have 
described in a Paper read before the Institute of Civil Engineers, 
Treland. 


V. The Groynes on the Coast Line between Hook and Dalkey. 


On no coast line are groynes so necessary as in that now under 
consideration, especially in parts of Wexford and Dublin where valu- 
able land is yearly disappearing; yet they have been erected only in 
isolated spots. 

Near Tacumshin Lake, on the south coast of Wexford, two small 
systems of groynes were made, to stop the inroads of the sea. These 
consist of a lateral barrier, from which short groynes extend to a little 
below high water-mark. These were most effective; the lateral bar- 
rier and the upper portions of the groynes stopping the land driftage 
of the Aolian sand, while the lower portion of the groynes pounded 
up the shingle beach: permanent ramparts are the result. 

The landward portion of the Ballygeary Pier, although not in- 
tended as a groyne, has acted as such, and is an accidental proof of 
what great benefit would be derived from the construction of groynes 
on this coast line. In 1873, and previous years before the pier was 
commenced, ‘‘fulls’? were formed on the beach line between Greenore 
and Rosslare Coastguard Station after continuous EH. and N. E. winds ; 
while at other times the ‘‘flow-tide”’ current sweeps the rocks clean 
at the base of the marl cliffs, thus leaving the latter open to the 
full force of the storm waves. In the spring of 1875, ‘‘fulls” accu- 
mulated between Greenore and the new pier during the EH. and N. E. 
winds; and since then these have not been cut out, but, on the con- 
trary, are gradually increasing. The small embayment to the east of 
the pier has been quite filled up, and now ‘‘sand-dunes” are gradually 
growing on it; while farther 8. E. the rock section is almost con- 
cealed, and the denudation of the marginal marl cliff is gradually 
ceasing. This pier, or groyne, seems also to have had a beneficial 
effect on the marl cliffs to the westward of it. For, although the 
strands at the base of those cliffs appear very little fuller than for-. 
merly, yet their denudation seems to be gradually decreasing. 

Here we may also mention other accidentally-formed groynes in 
the same neighbourhood. Formerly the alva marina was in great 
request, and the weed was carefully gathered. About the year 1876 
the trade fell off, and the ungathered weed was carried by the tide 
and lodged in masses along the east end of the embankment of the 
North intake in Wexford Harbour. Previously to this the sea was. 
cutting out and endangering the stability of the embankment, but the 
mass of seaweed formed a groyne against which masses of sand 
have since accumulated... In the winter of 1872-3 numerous large 
balks of drift timber were stranded on the Wexford coast. One of 
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these, a little south of the Blackwater, was floated in, during a spring 
tide, against the cliff, where it was fastened by a chain and left for 
over six months. During the time it was allowed to remain the 
land driftage collected against it a mass of Molian sand, which has 
since become permanent, and has stopped the denudation of the cliff- 
line. Slips of the cliffs also form groynes, but only temporarily, as 
they are gradually cut away by the sea. Poulduff, Courtown, and 
Arklow piers have also acted as groynes, and to the southward of 
each of these are now considerable permanent accumulations. 

On the coast of Wicklow, between the Kilcoole railway station 
and The Breaches, very effective groynes were constructed. These 
were erected under peculiar circumstances. The ‘‘flow-tide”’ current 
was rapidly cutting away the beach and endangering the railway ; 
while the Company were restricted from making any works outside 
their boundary, a width of less than six yards, and any groynes 
placed inside such limits would extend only a short distance below 
high water-mark. They were, however, erected, the principal ones 
being over six feet high; and, although the circumstances seemed to 
be unfavourable, they filled rapidly, and formed a rampart that has 
stopped the encroachment of the sea. 

At the north end of the Esplanade at Bray there is a system of 
groynes; but various circumstances have combined to make them 
ineffective. ‘Their site was only a short distance south of the channel 
out of Bray Harbour; and the water from the river and estuary cut 
off the southward driftage of the beach to them, carrying it seaward, 
while the detritus that was beached on the south of the harbour 
channel was immediately carted away; thus much of the materials 
that should have filled the groynes never reached them. In addition 
to this, the groynes do not seem to have been judiciously planned or 
erected. They were constructed of round timber, driven down verti- 
cally ; and in no place in Ireland have I found that round timber, 
driven down vertically, forms effective groynes. Furthermore, mid- 
way between the groynes extending from the coast-line, other short 
ones were placed, a little above low water-mark, and these generated 
eurrents which licked out all the shingle from between the land- 
groynes. The boundary pilings at the new baths on Bray Esplanade 
have acted as groynes, and have collected a considerable mass of 
shingle alongside of them. 
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XXXIV.—ResEarcHeEs oN THE Paratrax oF 61 (A) Cyent, maDE at 
Dunsinx. By Roszertr 8. Batt, LL. D., F.R.S., Andrews Pro- 
fessor of Astronomy in the University of Dublin, and Royal 
Astronomer of Ireland. 


[Read November 30, 1878.] 


On the 22nd of August, 1868, my predecessor, Dr. Briinnow, com- 
menced a series of observations with the South Equatorial, at Duusink 
Observatory, with the view of making a new determination of the 
annual parallax of 61 Cygni. The method he adopted was to observe 
the difference of declination between the following star (B) of 61 Cygni 
and a star of the 9-10 magnitude, which in 1868 followed in 51:5 secs. 
at a distance of 104” to the north. These observations were repeated 
occasionally by Dr. Briinnow, and the last was made on the 24th 
of May, 1878. There are altogether twenty determinations of the 
difference of declination between the two dates I have mentioned. 
After I had had some practice in the use of the South Equatorial, 
I recommenced the series of observations on the differences of decli- 
nation between 61 Cygni and the following star, which Dr. Briinnow 
employed. But there is an important difference between my series 
of observations, as here recorded, and those made by Dr. Briinnow, to 
which I have already referred. In the latter case the following com- 
ponent (B) of 61 Cygni was used, while in my observations it is the 
difference in declination between the preceding component (A) and the 
small star following which has been observed. It will naturally be 
asked why I did not use the same component as Dr. Briinnow had 
done, and thus render the two sets of observations capable of being 
incorporated together. I confess that in the first instance this was 
due to an inadvertence on my part. I was at first under the impres- 
sion that Dr. Brinnow had used the preceding star (A) of 61 Cygni, 
and under this impression I commenced my work by measuring the 
difference of declination between (A) and the small star following. 
It was not until I had made a large number of observations that I 
became aware the component I was using was not the same as that 
which Dr. Briinnow employed; and when this discovery was made, 
the question arose as to the best course to be adopted. I felt re- 
luctant to discard the work I had already done, and recommence anew 
with the other component, and therefore I resolved to complete the 
series of measurements which I had commenced, and thus, in the first 
instance, to seek for a determination of the annual parallax from my 
own observations alone. At the same time, I decided to commence as 
soon as possible another series of observations which would be strictly 
in continuation with Dr. Briinnow’s work. At the present date these 
observations have made considerable progress, but their reduction or 
discussion has not yet been commenced. It will therefore be under- 
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stood that in the present Paper these observations are not referred to, 
and that the value of the parallax now presented has been solely 
founded on the observations of the difference of declination between: 
(A) and the small star following. 

In adopting this course, I was also influenced by some other con- 
siderations. In the researches of Struve on the annual parallax of 
61 Cygni, he employed the star (B), as Dr. Briinnow had done. It 
however appeared to me that on this very account a determination of 
the parallax in which the preceding star was used would be, if suc- 
cessful, of very considerable interest. As this was the first work of 
the kind in which I had engaged, I was glad to have an opportunity 
of the practice which it afforded, before I commenced a series of 
measures which were to be amalgamated with those obtained by the 
mature skill of my predecessor. 

I have to regret that, owing principally to the exceedingly bad 
weather which prevailed here during the winter of 1877-8, the num-- 
ber of observations is not so large as I would have wished. The ob- 
servations yield thirty-six equations of condition for the determination 
of the four unknown quantities on which the apparent difference of 
declination depend. These equations contain the results of observa- 
tions made on thirty-five different nights, which are only tolerably 
well distributed over the twelve months during which the observations 
extend. The method of observing which I have used is almost iden- 
tical with that employed by Dr. Briinnow in his researches on the paral- 
lax of 61 Draconis ( Observations and Researches at Dunsink, Parts 1. 
and II.}. A complete observation of the difference of declination is 
the mean of eight independent determinations. 

The observations were reduced by employing the values of the 
micrometer screws and the thermometric coefficients determined by 
Dr. Briinnow (Part I., p. 8). The results were then cleared from. 
refraction by the application of the correction 


+ kD cosec? (6 + m), 


where D is the apparent difference of declination, 6 is the declina- 
tion of 61 Cygni, and m is the function of the hour angle defined in 
Bessel’s Table, Astr. Unt. Bd. 1, p. 190, and computed here for the- 
latitude of Dunsink (53° 23’ 13”). 

To clear the observed difference of declination from the effects of 
precession, aberration, and nutation, and reduce the result to the 
date 1878-0, the following correction is applied :— 


+ 005266 (1878 — #) 

+ [6:3089] # 

— [6°4137] h cos (H+ a) 
+ [75735] g sin (@ + a) 
+ [7°3643] fA sin (H+ a). 
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2, h, g, H, G, are the well-known constants in the Nautical Alma- 
nac; ¢is the year in which the observation was made; a is the right 
ascension of 61 Cygni. 

In order to free the observations from the grosser part of the 
effects of the large proper motion of 61 Cygni, I have assumed that 
the small comparison star is at rest, and that the preceding star A has 
the annual proper motion assigned to it by Argelander, viz. : 


+ 3-232. 


When these various corrections have been applied, the following 
are the values of the differences of declination :— 


1877. 1877. 
July 3, : 66”°879 Dec. 18, ‘ 67701 
6, : 66 -899 14, é 67 °474 
ig) : 66 °739 yee, ; 67 °482 
22, : 66 -927 il). ; 67 -326 
24, 5 66 -901 29, : 67 °350 
Aug. 4, ; 66 -798 30, : 67 °553 
12, 3 66 °867 1878. 
31, : 66 -959 Jan. 31, . 67 °659 
Sept. 3, : 66 -695 Mar. 24, : 67 °273 
21, : 66 -942 24, : 67 +433 
27, : 66 °897 31, F 67 -252 
Oct. 1, : 66 °888 April 1h : 67 -001 
gue. 67-804 i OE ee oo. 
AG GTA -018 OY ee GY) onl 
23, j 67 °195 27, ‘ 66 °852 
25, ; 67 :021 May 18, : 66 °851 
29, : 67 °369 28, ; 66 -688 
Nov. . 2, j 67 -300 June 1, ; 67 *341 
13, . 67 °344 


Assuming that the true mean value of the difference of declina- 
> tion is 67-150 + xz, that the true relative proper motion of A and the 
comparison star is 3-232 + 2’, that 7 is the annual parallax, and that 
kis the difference in the coefficients of aberration for the two stars, 
then the observations yield thirty-six equations, which, being solved 
in the usual manner, give 

xz =+0":0274 + 0”:0210 

2’ =—0 :09438 + 0 -1218 

aw =+0 4654+ 0 0497 


k =+0 :0830 + 0 -0493 


I subjoin the various determinations of the annual parallax of 
R. I. A. PROC., VOL. II., SER. III.—SCIENCE. R 
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61 Cygni, which have been hitherto given (see Auwer’s Abhandlungen 
der Akademie zu Berlin, 1868). 


Bessel, first fourteen months, . , 0'°357 
Bessel, last three months, and Schliiter, 0 °536 
Johnson, first eleven months, : 0 -526 
Johnson, last seven months, 0 -192 
Struve, Ooi 
Auwers, 0 564 


To these should be added the result obtained by Peters from zenith 
distance observations— 


IReters) ix. : ; : ; é ; 0349 


Auwers concludes, from his discussion of the whole subject, that 
the value of half a second is more likely to be correct than the smaller 
value which some of the observers have found. The new series of 
observations here described seem to support this view. 

The complete details of these observations and their discussion 
are about to be published in Part III. of the Dunsink Observations ; but 
I have thought that this brief account of the results might be of inte- 
rest to the Academy. 
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XXXV.—Nore on THE AppLicaTion oF LacGRance’s Equations oF 
Mortron to Proptems 1x tHE Dynamics oF A Ricip Bopy. By 
Rozert 8. Bart, LL. D., F. R.S., Andrew Professor of Astronomy 
in the University of Dublin, and Royal Astronomer of Ireland. 


[Read February 24, 1879]. 


Tue problem to which I wish to direct attention occurs in the Theory 
of Screws, and is thus expressed in the language of that Theory. 

A quiescent rigid body has freedom of the x” order: being given 
the co-ordinates of an impulsive wrench, it is required to find the co- 
ordinates of the corresponding instantaneous screw. 

The solution of this problem is given in the Theory of Screws, 
p- 60. The method there adopted is quite different from that now 
communicated, which is founded on Lagrange’s Lyuations of Motion in 
Generalized Co-ordinates. 

Without any loss of generality we may assume that the impulsive 
wrench is on a screw which belongs to the screw system, defining the 
freedom of the body ; for, owing to the reactions of the constraints, 
one screw (but only one) can always be found in the screw system, a 
wrench on which would produce the same effect as a wrench on a 
screw otherwise placed. 

Under these circumstances, let &, &c., €,, represent the co-ordinates 
of the impulsive screw, and 6,, &c., @,, be the co-ordinates of the cor- 
responding instantaneous screw, reference being made as usual to the 
principal screws of inertia. 

Lagrange’s equations are typified by 


FENG TG et eRe. 


d (= } dT 
do, 


where 7 is the kinetic energy, and where P,66, denotes the work done 
in a twist 00, against the forces. 
If 2’ represent the intensity of the impulsive wrench, then 


Ie = 2" 
T = UM (u262 -- &e. + u,20,2), 


where p;, p,, &c., are the pitches of the principal screws of inertia, 
R2 
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and wm, &¢c., u,, certain constants pertaining to those screws, and 
depending upon the mass of the body and its freedom. 
We have, therefore, 


1 0) Wa 
= (Dhn?6,) = -— £'p.G, 


whence, integrating during the small time ¢, 
2 t 
Mu,?0,0 S> an. C’dt 5 
0 


so that 6,, &c., 9, are proportional respectively to 
pie Prbn 


55s : 
Uy? YOR 


Q. E. D. 
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XX XVI.—Ossrrvations In Searcy or Srars with A Larce ANNUAL 
Parattax. By Roserr 8. Bart, LL.D., F.R.S., Royal Astrono- 
mer of Ireland. 

[Read December 9, 1878.] 


In continuing the researches made by my predecessor Dr. Briinnow, 
on the Parallax of Stars, I have adopted two different classes of 
observation. The first of these is the ordinary continuous series of 
observations of two or three specially chosen objects extending over 
an entire year. This is, no doubt, the only method by which a parallax 
amounting to a small portion of a second can be detected, much less 
accurately measured. It is, however, to be observed, that as a set of 
measures takes at least an hour to complete, it is almost impossible 
for the most assiduous observer to have more than three stars in hand 
at the same time. I have, therefore, adopted the course of having 
two stars in regular observation at the same time, and of devoting 
whatever other opportunities I may have to the system of observa- 
tions which will be described in the present Paper. The full details 
of the observations here referred to will shortly appear in Part III. of 
the Dunsink Observations. 

It is, of course, well known that up to the present no parallax has 
been detected which exceeds a single second of arc. In the great 
majority of cases the parallax is very much less, even if it be appreci- 
able. But when we reflect that not one star out of every ten 
thousand has yet been regularly examined for parallax, it is obvious 
that it would be in the highest degree rash to conclude that there are 
no stars nearer to us than any of those of which we already know the 
distance. 

In selecting objects appropriate for investigation of annual parallax, 
astronomers have generally chosen those stars which are exceptional, 
either on account of their brilliancy, or the largeness of their proper 
motions. The presence of these exceptional features in a star is 
doubtless a prima facie presumption that the star is comparatively 
near us. On the other hand, it cannot but be observed that the 
brightest star (v.e. Sirius) appears to have a parallax of only 0-282," 
while for the star Groombridge, 1830, which has the enormous proper 
motion of 7°05 annually, Briinnow has found a parallax no greater 
than 0”-090. The presumptions of nearness founded on great bril- 
hancy or great proper motion can hardly be said to be justified by the 
results of observation. 


1 From Houreau’s invaluable Répertoire des Constantes de Vl’ Astronomie I 
extract the following :—‘ Jacq. Cassini, by the method of absolute altitudes in 1717, 
found a parallax of 6” for Sirius. Piarri, by the same method, in 1805 reduced 
this to 4’. Henderson, in 1840, from the meridian altitudes at the Cape, found the 
value 0’:23. Gyldén, in 1864, from the altitudes found by Maclear, at the Cape, 
in 1836-7, deduced a parallax of 0’-193. Abbe, in 1868, from the altitudes at the 
Cape, in 1856-1863, deduced the parallax 0’°2738. A mean of the three last 
determinations is the value given aboye.”’ 


2 
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The question then arises as to whether there are any additional 
presumptions which may guide the parallax seeker in choosing the 
stars to observe. I will mention two. 

In Mr. G. J. Stoney’s memoir on the ‘ Physical Constitution of 
the Sun and Stars,”’ Proceedings of the Royal Society, No. 105, 1868, 
p. 49, is the following passage :— 

‘‘The minute crimson stars which are met with here and there in 
the sky seem to be either very small stars or stars enormously 
distended by heat. It is very desirable that the proper motion and 
parallax of these bodies should be inquired into when practicable, on 
the chance that some of them may be found to owe their colour to 
being very small, and therefore very close to us.” 

There is also a certain presumption that some of the variable stars 
are really small, and that therefore, as we see them, they must 
be comparatively near us. 

Before commencing the observations now about to be described, a 
working list was formed, containing Red Stars, variable stars, stars. 
with large proper motion, and several other stars which were chosen 
on different grounds. The observations of these stars are directed with 
the special object of seeing whether any of them have a large 
parallax. My present purpose is to place on record the observations 
of forty-two different objects selected from this working list. In 
almost every case here described the observations have been sufficient 
to convince me that the parallax is certainly less than one second of arc, 
and most probably does not exceed half a second. It will, therefore, be 
understood that the results of the reconnoitring observations which 
are here set forth are merely negative so far as the immediate object 
in view is concerned ; and as they do not suggest the existence of any 
parallax worth following up, I do not intend to observe the objects. 
herein named any further. The time, therefore, seems to have arrived 
when these observations may be published. 

We have now to describe the principle upon which the recon- 
noitring observations have been conducted. The effect of annual 
parallax upon a star is to make the apparent place of the star describe 
a minute ellipse, of which the mean place of the star occupies the 
centre. In the reconnoitring observations the star is observed twice ; 
at the first observation the star is at one of the extremities of the 
major axis of the ellipse. The second observation is made after an 
interval of six months, during which time the star has moved to that 
part of the ellipse which is at the other extremity of the major axis. 
It thus appears that the two observations are so arranged that in 
each case paraliax shall have the greatest effect it is capable of 
producing. 

When a star undergoes the greatest displacement from parallax it 
must be at a distance of 90° from the sun. If, therefore, a, a’, and 
6, 0’, be the right ascension and declension of the star and the sun, 
respectively, then, at the time of greatest parallactic displacement, 


tan 6 tan 6’ = — cos (a’ — a). 
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By the aid of this formula the working list was arranged. Fora 
given date the values of a’, 6’ are known, and the above formula gives 
a relation between a and 6. Taking lengths proportional to a, 8 as 
abscissee and ordinates, respectively, twenty curves were plotted on a 
plane corresponding to dates uniformly distributed over the year. 
These curves, of course, agree in passing through the point which 
corresponds to the pole of the ecliptic. By the aid of these curves, 
when the right ascension and declination of an object are known, it is 
easy to see at a glance when the object is 90° from the sun. The two 
critical dates were thus found for each of the objects in the working 
list, and the observations were always made as nearly as possible at 
these critical dates. 

The instrument employed was the South Equatorial, with the 
Pistor and Martin’s micrometer. The mode of observation was 
almost identically that adopted by Dr. Briinnow in his observations of 
a Lyre and its companion (see Dunsink Observations, Part I.). The 
following is the method by which the observations have been reduced, 
and the different corrections applied :— 

We shall denote the two stars by S, S’, the two wires of the 
micrometer by J, Z/, and the two possible positions of the micrometer 
by A, &: then, the expression, AJS’, for example, denotes the 
reading of the screw I. when placed upon the star S’, the micrometer 
haying the position 4. A complete measure of the distance of the 
two stars is obtained by placing one wire on each star, reading off the 
screws, then interchanging the wires, and reading again. A complete 
series of measures consists of four such pairs, two being taken in the 
position A, and two in the position B. Each of the four complete 
measures are computed separately, the two first by the formula 


5 (AIS - AIS’) +5 (AUS' ~ ATIS). 
the two last by the formula 
3 (BIS' — BIS) + ; (BIIS — BIIS’), 


7, T, denote the values of a revolution of screws I., II., respectively. 
expressed in seconds of arc. These values have been computed from 
the expressions found by Dr. Brinnow— 


V2 = 1:001337 TNs 
r, = 89927 — 0”.0002922 (7 — 50°), 


where ¢ is the temperature Fahrenheit. In each observation the 
temperature is read off upon a thermometer, which, for convenience, 
is screwed to the finder of the telescope, the bulb of the thermometer 
being sixteen inches distant from the eye-piece of the telescope. For 
convenience in reducing the observations a table is used, which gives 
log r, — log 2 and log 7, — log 2 for each degree. ‘XOAHU | 

The direction of the daily motion, or the ‘ parallel,” was deter- 
mined as follows:—Wire JZ was set to the middle of the field, the 
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micrometer was turned, approximately, to the right position, and 
clamped; the driving clock was set in motion, and the star was 
brought by the slow motions to coincide with the intersection of Z 
and the fixed wire. The clock was then stopped, and the micrometer 
was adjusted by the tangent screw so that the star ran along the fixed 
wire. In a second observation care was taken that the tangent screw 
was turned the opposite way when making the final adjustment. 
The observations of position were then made, and at the close of the 
series two more observations of the parailel were made, with the same 
precautions as before, but with the micrometer 180° from its position 
in the first set. The mean of the four observations was adopted as the 
“‘parallel.”” On referring to the observations, it will be seen that on 
many occasions the set of parallel observations was not so complete 
as is here described. Such care in determining the parallel as is 
necessary when the stars are three or four minutes apart would, of 
course, be thrown away if the stars were comparatively close together. 

In observing the position, the micrometer was turned until the 
fixed wire was placed over the two stars, and the final adjustment 
was made with the tangent screw. This observation was then re- 
peated, the head of the screw being turned the opposite way on the 
second occasion. The micrometer was then turned through 180°, 
and two more observations were made, with similar precautions. 
Thus, a complete determination of the position angle involves four 
readings of the parallel and four of the position. 

The observations thus made have to be corrected for the effects of 
refraction, aberration, precession, and nutation. We shall consider 
them separately. 

Let D be the distance of the two stars, and let p be the position 
angle; then, if-z be the zenith distance, 7 the parallactic angle, and & 
the coefficient of refraction, the correction to be applied to the appa- 
rent distance for refraction is 


kD (1 + tan’z cos’ (p — 7)), 


where & is the coefficient of refraction taken from Bessel’s Tables, 
Ast. Unt. Bd. 1., p. 198. ‘To facilitate the calculation of s and y, 
the table suggested by Bessel has been computed, which gives the 
values of m, and log cot n for each minute of hour angle in the latitude 
of Dunsink, 53° 23’ 13”. We can then readily compute z and 7 from 
the formulee— 

tan 7 = cot n sec (6 + m), 


tan s = sec 7 cot (6 + m). 


In using these expressions it is supposed that eastern hour angles are 
negative ; cot x has the sign of the sine of the hour angle, and m has 
the sign of the cosine of the hour angle. 

In applying the correction for refraction to the observation of the 
position angle, it is, of course, to be remembered that the reading of 
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the parallel is also affected by refraction: we have thus the expres- 
sion 

3488 & tan’s cos p sin (2y — p) 
to denote the correction expressed in minutes of arc, which is to be 
applied to the observed position angle in order to clear it from the 
effects of refraction. 

The distance of the two stars isalso affected to a certain extent by 
aberration. The correction to be applied to the observed distance is 
D sin 1” (¢ sin 6 — h cos (H+ «) cos 8), 
where 7, h, H, are given in the Nautical Almanac for the day in 
question. When this correction has been applied to the observed dis- 
tance of the two stars, we obtain the distance between the mean 

places of the two stars for the preceding Ist January. 
The position angle of the two stars is also affected by aberration, 
and the correction to be applied, expressed in minutes of are, is 


h . 
— 6 (H+ a) tan 6. 


On account of the motion of the pole, arising from precession and nu- 
tation, there is a corresponding change in the direction of the parallel, 
and therefore a change in the position angle; the correction 
g 
~ 60 
will make the position angle what it would have been when referred 
to the position of the pole on the preceding January 1. The quanti- 
ties g, G, are those given in the Wautical Almanac for each day. 
As the observations are all reduced to the epoch January Ist, 
1875, a further correction, 
— 0°3342 (¢ — 1875) sina . sec 4, 
must be applied to the position angle observed in the year ¢. 


Corrections must also be sometimes applied on account of the dif- 
ferences between the proper motions of the two stars. Let 


(¢ — 1875) Aa and (¢ — 1875) Ad 


be the corrections arising from the proper motions of the principal 
star relatively to the other star, which must be applied to the right 
ascension and declination of the principal star to bring the place to 
the date, January lst, 1875. Then, the correction to be applied to 
the distance is 


cos pAd (1875 — ¢) + cos 8 sin pAa (1875 — 4), 


while the correction to be applied to the minutes of the position 
angle is 


Ae ING A 
3438 sin p D (1878 — ¢) — 3488 cos 6 cos p =: (1875 — 2). 


sin (G+ a) sec 6 
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By the application of these several corrections, the observed dis— 
tance and position angle of the two stars is transformed into the true 
distance and position angle when the stars are situated in their mean 
positions on 1st January, 1875. 

The following catalogue contains the results of these observations 
for forty-two different objects selected from the working list, of 
which the construction has been already explained. The first column 
of the catalogue contains the number of the object for convenience 
of reference. The second column gives the designation of the object. 
Frequent reference is here made to the list of Red Stars compiled by 
Schjellerup (Vierteljahrschrift der Astronomischen Gesellschaft 1x. 
Jahrgang). This catalogue is referred to by the abbreviation ‘‘ Schj.’’ 
(Red). In other cases (as, for example, No. vi.) the reference 
(+ 27°, 1270) is, as usual, to the ‘‘ Durchmusterung,”’ vols. ii1., iv., v., 
of the Bonn Observations. No. xxxi. is a Red Star from Mr. Bir- 
mingham’s Catalogue (Zransactions of the Royal Irish Academy, vol. 
XXV1., pp. 249-354). 

The third column gives the date of the observation, which 
is always as near as possible to one of the two critical dates. 
already referred to. In connexion with these critical dates, it. 
is to be remembered that they have been chosen without reference 
to the comparison star, and therefore are not generally the pre- 
cise dates at which parallax would make the maximum derange- 
ment of either the distance or the position angle. They are only 
the dates at which the star is situated at the apses of the paral- 
lactic ellipse. Ifthe comparison star happened to be situated in the 
direction of the minor axis of the parallactic ellipse, there would be 
no parallactic change in the distance at the two dates, but there 
would be the greatest change possible in the position. On the other 
hand, if the comparison star were situated on the major axis of the 
parallactic ellipse, there would be the greatest change possible in the 
distance. It might, no doubt, have been better, in some respects, to 
have chosen the dates so that absolutely the maximum alterations of. 
distance and position should have been secured, but this would have 
involved more time than I cared to devote to work which might pro- 
bably lead only to a negative result. This method would, generally, 
have required five observations. The first of these would be devoted 
to the selection of a suitable comparison star, and a determination of 
its place; then, from these results the four dates of maximum and 
minimum derangement of distance and position, respectively, would 
have been determined, and the observations would have to be renewed 
at or near these dates. I have, therefore, adopted the simpler method, 
which only requires two observations, these being generally about the 
dates when the star is at its greatest distance on one side or the 
other of its mean place. 

The fourth column gives the corrected distances, and the fifth 
column contains the corrected values of the position angles. 


No. 


Ii. 


ill. 


Ivy. 


Vi. 


VII. 


VIIt. 


Ix. 


XI. 


XIII. 


XIV. 


xy. 
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Orject, mee | |) Gees) Gee 
Schj. (red), 3, . 12 Aug., 1877, | 183’-733 | 316° 5-76 
31 Jan., 1878, 183 :079 | 316 15 -87 
Schj. (red), 3a, 1 Aug., 1876, 91-286 | 68 34 -64 
12 Jan., 1877, 91 -336 | 68 11 -00 
19 Dec., 1877, 91 560 | 67 53 -44 

Schj. (red), 28, 17 Feb., 1877, | 332 -919 | 236 6 -45 | 
Bl Ate, UG || SB IAS | Oa By BO 
Schj. (red), 29, 20 Feb., 1877, | 229-778 | 85 16 -90 
31 Aug., 1877, 229 -801 85 10 :26 
Schj. (red), 64, 9 Oct., 1876, | 263 -881-| 191 49 -17 
5 April, 1878, | 263 -677 | 191 32 -33 
seems laid Os es 28 Mar., 1877, 169 -368 | 218 50 -85 
Oct Sie 169 -163 | 218 44 -05 
+ 25°, 1594, 28 Mar., 1877, 105 799 87 11 -30 
27 Sept., 1877, 105 +985 87 8 -93 
11 Oct., 1877, | 105 -873 | 86 59 -18 
53 Geminor, . 5 April, 1877, 209 °359 | 315 46 -98 
16 Oct., 1877, | 208 ‘886 | 315 52 -76 
Schj. (red), 94a, .| 5 April, 1877, | 100 -363 | 182 40 -56 
16 Oct., 1877, | 100 -170 | 182 27 -34 
+ 28°, 1532, 27 Mar., 1877, | 242 -772 | 293 20 -83 
13 Nov., 1877, | 243 :248 | 293 27 -28 
+ 28°, 1532, . 27 Mar., 1877, 185 -079 | 345 4 -02 
13 Nov., 1877, 185 :056 | 345 24 -61 
Schj. (red), 115, . | 25 Nov., 1876, | 183 -888 | 296 0 -57 
27 Nov., 1876, 184 -758 | 226 16 -27 
17 April, 1878, | 183 -638 | 295 32 -70 
21 April, 1878, | 183 -565 | 225 37 -31 
Schj. (ved), 120,.| 7May, 1877, | 122 -463 | 170 15 -80 
17 Mays US77, 9\| 120 “762° Tyo 2 -94 
10 Dec., 1877, | 122 -602 | 170 41 -00 
R. Leonis = Schj. | 27 Nov., 1876, 258 -247 | 268 20 -64 
(red), 123, 8 Dec., 1876, | 258 -374 | 268 33 -20 
12 Dec., 1876, | 258 -708 | 268 26 -44 
17 May, 1877, | 257 -719 | 268 25 -19 
R. Leonis = Schj. 27 Nov., 1876, 275 722 | 994 32 -44 
(red), 123, 14 Dec., 1876, | 276 -120 | 224 41 -80 
17 May, 1877, 274 °241 | 224 87 -59 
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No. Object. be | Gee 
xvi. | Schj. (red), 146, . | 22 Dec., 1876, 276-699 | 108°43’ -18 
5 May., 1878, | 276 -391 | 108 33 -45 
XVII. Schj. (red), 155, 14 Dec., 1876, 196 :436 49 15 -42 
8 June, 1877, | 195 308 | 49 10 -45 
XVII. Schj. (red), 156, . 8 Jan., 1877, 393 °856 | 344 15 -94 
12 June, 1877, 392 083 | 344 3 -56 
xix. | Schj. (red), 163, 12Jan., 1877, | 271 -843 | 240 6 -09 
16 June, 1877, 271 :888 | 232 52 -94 
xx. | Schj. (red), 163, . 12 Jan., 1877, 59 -275 | 158 31 -89 
16 June, 1877, 58 °510 | 158 30 90 
SKI, + 15°, 2891, 18 Feb., 1877, 131 -406 45 16 -06 
1Aug., 1877, | 130 854 | 45 4-13 
28 Aug., 1877, | 181-079 | 45 15 -85 
XXII. Schj. (red), 182, . 9Jan., 1877, 391 <615 |) 341 ae <3 
16 Feb., 1877, 392 °353 | 340 52 -42 
29 July, 1877, | 390-977 | 841 3 -54 
XXIII. Schj. (ved), 185, . 4 Mar., 1877, 75 °799 49 35 -47 
17 Mar., 1877, 75 -509 | 49 21 -36 
2 Aug., 1877, 76-297 | 49 81 -24 
xxiv. | Schj. (red), 186, .| 4 Mar., 1877, | 182 -579 9 32 -86 
2Aug., 1877, | 132-807] 9 2-11 
xxv. | + 46°, 2194, 98 Feb., 1877, | 133 -974 | 91 18 -26 
30 Aug., 1877, | 133 -683 | 91 45 -20 
XXVI. Schj. (red), 199 a, 16 Sept., 1876, 288 -483 | 291 9 -06 
4 April, 1878, | 287 -352 | 290 7 -70 
XXVI. Schj. (red), 211 (2),|_ 17 Mar., 1877, 165 *101 | 143 49 73 
IO ct eS ile 164 -866 | 143 3 :07 
XXVIII. + 28°, 3316, 27 April, 1878, 209 -621 | 317 55 :96 
27 Sept., 1877, | 209 -660 | 318 8 -02 
XXIX. + 24°, 3400, 21 Sept., 1877, 263 -065 | 260 45 -06 
24 April, 1878, | 262 -570 | 260 35 -46 
XXX. + 24°, 3408, 6 April, 1877, 128 -481 | 221 51 -15 
21 Sept., 1877, | 127 -989 | 222 6 -31 
XXXI. + 36°, 3168, 16 Oct., 1877, 134 -311 | 335 14 -81 
21 April, 1878, 134 °778 | 354 381 °5d 
xxx. | Schj. (red), 221 (a),| 14 Oct., 1876, 168 -227 12 40 -68 
17 May, 1877, | 169 -291 | 12 11 -35 
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| 
| 
Corrected Corrected 
Distance. | Position. 
| | 


No. Object. Date. 


xxx. | Schj. (red), 221 (a),| 14 Oct., 1876, | 122-059 1219277 -38 
17 Mav, 1877, | 121 -394 121 40 °57 | 


XxxIV. | Schj. (red), 225, . | 23 May, 1877, 48 -677 82 32 -26 
SOc, lira 47 *832 82 59 -95 
5 May, 1878, | 48 -386 ae 


xxxy. | + 22°, 3660, . .| 7May, 1877, | 255 -704 | 254 44 -96 
3 Sept., 1877, | 256 -231 | 254 40 -47 


EXxvr. | + 35°, 3985, . .| 25 May, 1877, | 58 -693 97 14 -85 
6 Nov., 1877, | 58-623 97 29 -52 


xxxvi. | + 35°, 4001, . .| 17Nov., 1876; | 60 -430 | 330 6 -20 
17 Nov., 1876, | 61 -497 | 330 5 -40 
4 May, 1877, | 62-019 | 329 47 -31 
25 May, 1877, | 61 -418 | 330 1 -93 


XXxvyilll. | + 35°, 4001, . . 17 Nov., 1876, 86 -466 182 10 +68 
25 May, 1877, | 86 646 | 181 35 -05 


xxxix.|7Cygni, . . .| 15Nov., 1876, | 185 576 | 78 12 -88 
25 May, 1877, | 185-788 | 78 24 -42 
12 June, 1877, | 186 338 | 78 37 -70 


XL. | Schj. (red), 244, . | 29 Nov., 1876, | 124 -265 8 10 :20 
19 May, 1877, | 123 -652 7-34 -88 
Mare 412 4014, . . | 12 Dee. 1876, | 211 -621 Nl Wicey 


27 May, 1877, | 211 -614 | 97-10 -24 
15 June, 1877, | 211 434 | 97 10 -39 


XLII. | + 41°, 4117. . . 27 May, 1877, | 211 -095 67 40 -48 
15 June, 1877, | 210 -923 | 67 45 -15 
7 Nov., 1877, | 211 -286 | 67 51 -31 


It then became necessary to sift these observations with the view 
of seeing whether they afford any traces of parallax. A discrepancy 
between the distances or positions at the dates of the two observations 
must be attributed either, firstly, to the accidental errors of observa- 
tion; or, secondly, to the proper motion of one or both of the two stars ; 
or, thirdly, to the parallax of one or both of the two stars; or, 
fourthly, to the joint effect of various causes. It will be convenient, 
in considering the effect of parallax upon the position angle, to elimi- 
nate the effect of the distance by multiplying the actual correction 
to the position angle by the sine of the distance. If 7 be the 
parallax, and if the effect of parallax upon the distance be z cos 6, 
then the effect of parallax upon the position angle will be z sin 0. 
It foliows that, when the object is observed at the apses of its paral- 


224 Proceedings of the Royal Irish Academy. 


lactic ellipse, the discrepancy between the two distances will be 27 cos 0, 
and the discrepancy between the two position angles will be 27 sin @. 
These quantities cannot be both less than 7/2. If, therefore, we 
retain for discussion every case in which the discrepancy in the two 
distances, or the two position angles, amounts to a single second of 
are, every case in which the parallax could amount to 0-70 will be 
certainly included. On examining the list of observations, it will be 
seen that in twenty-seven cases there is not a discrepancy, either in 
the angle of position or in the distance, which amounts to a single 
second of arc. In these cases there is, therefore, no suggestion that 
the parallax reaches anything like the limit named: if any appreciable 
parallax exists, it is masked in the errors of observation, which are, 
of course, under little control when the number of observations is so 
tew. 

There are, however, fifteen cases in which the discrepancy does 
amount to a second of are. Thus, so far as the distance is concerned, 
in 


xv. the discrepancy is 1”°7 


XVII. ss 8 
Xx. 55 1a) 
XXVI. os Lead 
0-0-0015 as Le 


The following are the cases in which the discrepancy in the two 
position angles is at least equivalent to a second of arc :— 


Iil., V., XI., XI1., XIII., XVII., XXIV., XXV., XXVI., XXVIL., XXXI., XL. 


In the case of xvnt. and xxv1., we have a discrepancy amounting to 
over a second both in the distance and the position angle. 

It may be remarked, that of these fifteen cases a large propor- 
tion will be found where the observations have been more or 
less incomplete, and where, consequently, the errors of observation 
may reasonably be expected to be greater than in the cases where 
the observations are complete. We shall, however, inquire as to how 
far the discrepancies are capable of being subdued or removed by the 
supposition of annual parallax. For this purpose it will be necessary 
to examine the effect of annual parallax on each of the objects, sepa- 
rately, by the well-known formule. In order to reduce the observed 
distance between a star which has parallax z, and an adjacent star 
which has no parallax, to the distance, as seen from the sun, a cor- 
rection must be applied equal to 


— mR cos (© - IL), 


where & is the distance from the sun to the earth, and where © is 
the sun’s longitude, m, JZ being constants depending upon the object. 
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The corresponding correction to be applied to the position angle of 
the star which has no parallax, measured from the star which has 
parallax, is 

— mR cosec D cos (© — IL"), 


where D is the distance of the two stars. The four quantities, m, m’, 
I, UM’, have been computed from the well-known formule. 

It is also sometimes useful as a check to calculate the effect of par- 
allax on the distance and position by the other method, which is, 
indeed, much shorter than the general method just referred to, when 
only one or two observations have to be reduced. 

Let a’, 8’, be the right ascension and declination of the sun at the 
time of the observation, then the following formule are computed :— 
p cos o = sin 0, d cos w = cos 6’ sin (a’ — a), 

p sin o = cos (a’—a), X sin w= p Cos (a + 0). 
The correction to the distance is 


+ 7X sin (p + p). 
The correction to the position is 


+ rR cosec D sin (p + ). 
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The result of the calculations is given in the following Table :— 


Refe- | Apparent Distance | Apparent Position 


rence Object. Date. Corrected for Corrected for 
Number. Annual Parallax 7.| Annual Parallax 7. 


"61 7 


ii. | Schj. (red), 28,. . | 1877. Feb. 17, | 332”.919-+ 0.921 m | 236° 6 .45-+ 3 
— 3-737 


», Aug. 31, | 332 135 —0 .o14m | 235 37 .80 


v. | Schj. (red), 64,. ~. | 1876. Oct. 9, 263 .831 —oO .227m | IOL 49 .17 — 11 .607 
1878. April 5, | 263 .677-+0 .231m | Ior 32 .33 +11 827 


XI. | + 28°, 1532, . - ~ | 1877. Mar. 27, | r85 .o79-+0 .4517m | 345 4 .02—15.57 
3, Nov. 13, | 185 .256—0 .341m | 345 24 614+ 15.37 


1876. Nov. 25, | 183 .888 —o .4557m | 226 o 
a » 27, | 184 .758—0 .448m | 226 16 .27—14. 377 
1878. April 17, | 183 .638 +0 .4977m | 225 32 .7o+15.87 
a5 9, 21,| 183 .565-+0 .504m | 225 37 .31 +16.07 


xu. | Schj. (red), 115, 


1877. May 7, 122 .463 —90 .420m | 170 15 80+ 25.67 
os >» 17; | 121 .752—0 .368% | 170 “2) 944 27). O77, 
>> Dec. 10,.| 122 .602-+0 .206m | 170 41 .0O— 21.07 


xu. | Schj. red), 120, 


xv. | R Leonis, . . . | 1876. Nov. 27, | 275 .722—0 .406m | 224 32 .44—10.97 
| 4, Dec.14, | 276 .120—0 .356m | 224 41 .80— 9.757 
1877. May 17, | 274 .241 +0 .434m | 224 37 .59+11.47 


xvin. | Schj. (red), 156, . | 1877. Jan. 8, | 393 -856—0 .5527 | 344 15 .04+ 6.837 
» June 12, | 392 .083-++0 .71I0om 344 3 -50— 6.097 


xxu. | Schj. (red), 182, . | 1877. Jan. 0, jor .615 —0 829m | 341 I .3r+ 4 
sy)  Beb:6; 3902 -353 —O -559 7 | 340 52 .42-+ 7.087 
», July 22, | 390 .977-+0 .7I0m | 342 3 54 - 6 


xxiv. | Schj. (red), 186, . | 1877. March4,| 132 .3§79 +0 519m | 9 32 86+ 24 .o7 7 
» Aug. 2, 132 .807 +0 .1627 Q 2 .II — 24.947 


xxv. | + 46°, 2194, . . .| 1877. Feb. 28, | 133 .074 +0 .o82m | 91 18 .26+ 0 647 
>> Aug. 30, | 133 683 —0 .p9gm | OI 45 .20- 1.85 7m |. 


xxvi. | Schj. (red), 199(a), | 1876. Sept. 16, | 288 .433 +0 .926m | 201 9 .06 — 4.477 
1878. April 4, | 287 .352—0 .732m | 2900 7 .70-+ 7 .327 


xxvu. | Schj. (red), 211 (a), | 1877. Mar. 17, | 165 .101-+0 .6447m | 143 49 .73 - 15 .67 7 
Oct. 164 .866 —o .531m7 | 143 3 .07 +17 .657 


xxx. | + 36°, 3168, . . . | 1877. Oct. 16, | 134 .311 —o .1877m | 355 14 81 —- 25.07 
1878. April 21, | 134 .778 +0 .306m | 354 31 55+ 24.27 


xxxut. | Schj. (red), 221 (@), | 1876. Oct. 14, | 168 .227—0 .393m7 | 12 40 .68- 18.7 
1877. May 17, | 169 .291 +0 .817m7 | I2 11 .35-+12.67 


xt. | Schj. (red), 244, . | 1876. Nov. 29, | 124 .265 —o .565 7 8 Io .20- 21.47 
1877. May 10, | 123 .652-++0 .5247 7 34 88+ 23.09 


In the great majority of cases these results pronounce emphati- 
cally against the supposition of a parallax large enough to be detected 
amid the errors of observation which are inseparable from the method 
which has been adopted. In no case do they afford reliable indica- 
tions of a parallax large enough to be detected by the method of 


reconnoitring. 
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XXXVII.—Sprecvrations on THE Source or Merxorires. By Rosert 
S. Batt, LL.D., F.R.S., Royal Astronomer of Ireland. 


[Read January 138, 1879. ] 


I wave recently read M. G. Tschermak’s most interesting memoir 
‘Die Bildung der Meteoriten und der Vulcanismus.”! I am not 
competent to offer any opinion on the mineralogical questions involved 
in his discussion, but the numerous arguments he has advanced 
appear to me to justify his conclusion, that ‘‘ the meteorites have had 
a volcanic source on some celestial body.” These arguments are 
briefly as follows :— 

Meteorites are always angular fragments, even before they come 
into our atmosphere. 

Most meteoric irons have a crystalline structure, which, according 
to Haidinger, requires a very long period of formation at a nearly 
constant temperature. This condition could only have been fulfilled 
in a large mass. 

Many meteoric stones show flutings resembling those see: on 
terrestrial rocks, and which are due to the rubbings of adjacent 
masses. 

Other meteorites have a structure produced by the union of 
several fragments, so as to be analogous to breccia. 

Many meteorites are composed of very small particles analogous 
to volcanic tufas. 

After glancing at the old theory of the volcanoes in the moon, and 
rejecting as untenable the hypothesis that meteorites have any con- 
nexion with the ordinary shooting star showers, Tschermak con- 
cludes, ‘‘ We may suppose that many celestial bodies, of considerable 
dimensions, are still small enough to admit of the possibility that 
projectiles driven from them in volcanoes shall not return by gravity. 
These would really be the sources of meteorites.” Similar views 
having been put forward by Mr. J. Laurence Smith and other 
authorities, it seems not unreasonable to discuss the following 
problem :— 

_ Lf meteorites have been projected from volcanoes, on what body or 
bodies in the Universe must these volcanoes have been located ? 

Let us first take up a few of the principal celestial bodies serzatim, 
and consider their claims to the parentage of the meteorites. We 
begin with the sun. It has been shown that there exists upon the 
sun tremendous explosive power. It is not at all unlikely that the 
power would be sufficiently great under certain circumstances actually 
to drive a body from the sun never to return. We might, therefore, 
find upon the surface of the sun adequate explosive power for the 
voleano, but the projectiles are here the difficulty. There are a 


1 Sitzungsberichte der Mathematisch-Naturwissenschaftlichen Classe der Kaiser- 
lichen Akademie der Wissenschaften, Wien, 1875. Band lxxi., Abtheilung 2, 
pp- 661-674. 
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number of circumstances (notably the breccia-like appearance of some 

meteorites) which show conclusively that the meteorites have been 

torn from rocks which were already nearly, if not quite, solid; and as _ 
it seems in the highest degree improbable that rocks of this nature 

should exist in the sun, we may conclude that the sun has not been 

the source of the meteorites. 

Can the meteorites have come from the moon? Owing to the 
small mass of the moon, the explosive power requisite to carry a body 
away from the moon may no doubt be comparatively small; but can a 
body which has been projected from a volcano in the moon tumble 
upon the earth? Zo simplify questions of this kind we shall suppose 
various disturbing influences absent. We shall suppose that the pro- 
jectile is discharged from the moon with sufficient velocity to carry it 
completely therefrom. We shall then omit all account of the dis- 
turbing influence both of the sun and the moon on the projectile, and 
we shall suppose that the projectile is really revolving round the 
earth as a satellite. This projectile will fall upon the earth if its 
distance from the earth’s surface when in perigree be less than the 
radius of the earth (augmented perhaps by the thickness of the 
earth’s atmosphere). It should, however, be observed, that 2f the 
projectile once escaped the earth, it would never fall thereon; hence the 
question as to whether the moon can be the source of the meteorites 
now falling appears to be connected with the question as to whether 
the lunar volcanoes are now active. But it is generally believed that 
the lunar volcanoes are not now active to any appreciable extent 
(even if the suspected indications of recent change were thoroughly 
established). It follows, that even if the moon has been a source of 
meteorites in ancient times, we no longer receive a supply from that 
quarter. ‘There is, of course, just a possibility that projectiles from 
the moon in past ages, which have hitherto escaped collision with the 
earth, may, under the influence of the disturbing causes previously 
excepted, occasionally fall to the earth as a meteorite. 

Passing from the sun and the moon, let us now bring under 
review some of the other celestial bodies, and see how far they will 
fulfil the conditions of the question, Is it possible that the meteorites 
can have been projected from the surface of a planet? In order to 
get over the difficulties of the great initial velocity which would be 
necessary to overcome the gravitation of a large planet, it seems 
natural to inquire if a volcano placed upon one of the small planets 
could accomplish the task. 

It is clearly impossible that a projectile from any source should 
ever fall on the earth, unless the orbit of the projectile cuts the plane 
of the ecliptic in the narrow ring, something over 8000 miles wide, 
which the earth and its atmosphere trace out on the ecliptic; but if a 
meteorite with an elliptic orbit round the sun intersect this ring, then 
in the lapse of time it may happen that the earth and the meteorite 
will meet at the point where their orbits intersect ; the meteorite will 
then fall upon the earth, and its long travels will be at an end. 
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We shall therefore consider the circumstances under which it would 
be possible for a voleano on one of the minor planets (for example, 
Ceres) to discharge a projectile so that the projectile shall intersect 
the ecliptic in the ring we have just referred to. As the mass of the 
planet is small, the initial velocity which would be required to carry 
a projectile away from the planet presents no difficulty, perhaps an 
ordinary cannon would be sufficient, so far as the mere gravitation to 
the planet is concerned. But when we consider that the projectile must 
be driven through the ring we have been considering, a vastly more 
powerful instrument would be required. 

Ceres is moving in an orbit (supposed circular and in the ecliptic) 
with a velocity of about eleven miles per second. A projectile dis- 
charged from Ceres will have an actual velocity which is compounded 
of the velocity of Ceres, with the velocity which is imparted by the 
voleano. But simple dynamical considerations show that if the pro- 
jectile have an initial velocity perpendicular to the radius vector, ditter- 
ing much from eight miles per second, it can never intersect the ring, 
no matter in what direction it be discharged.” The volcano on Ceres 
must therefore be adequate to the abatement of the velocity perpendi- 
cular to the radius vector from eleven miles per second to eight miles 
per second, 2.¢., the volcano must be at the very least adequate to produc- 
img an initial velocity of three miles per second. As this is quite in- 
dependent of the additional volcanic power requisite to carry the 
projectile away from the attraction of Ceres, it is obvious that after 
all there may be but little difference between the volcano which 
would be required on Ceres, and that (of six-mile power) which 
would project a body away from the surface of the earth for ever. 

Admitting, however, that a volcano of sufficient power were placed 
upon Ceres, would it be likely that a projectile driven therefrom would 
ever cross the earth’s track? This is a question in the theory of pro- 
babilities, and it is not easy to state the problem very definitely. If 
the total velocity with which the projectile leaves the orbit of Ceres 
be less than eight miles per second, then the projectile will fall short 
of the earth’s track; on the other hand, if the total initial velocity 
exceeds sixteen miles per second, the orbit in which the projectile 
“moves will be hyperbolic, and though it may cross the earth’s track 
once, it will never do so again. Taking a mean between these ex- 
treme velocities we may investigate the following problem :—Suppose 
that a projectile is discharged from a point in the orbit of Ceres in a 
yandom direction with the total initial velocity of twelve miles per 
second, determine the probability that the orbit of the projectile shall 
eross the earth’s track. When this problem is solved in accordance 
with the calculus of probabilities, it is found that the chances against 
the occurrence are about 50,000 to 1, 7.¢., out of every 50,000 pro- 
jectiles discharged at random from a point in the orbit of Ceres, only 
a single one can be expected to cross the earth’s track. 


* Disregarding an obvious exception. 
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It is thus evident that there are two objections to Ceres (and the 
same may be said of the other minor planets) as a possible source of 
the meteorites. Firstly, that notwithstanding the small mass of 
Ceres, a very powerful volcano would be required; and secondly, that 
we are obliged to assume that for each meteorite which could ever fall 
upon the earth, at least 50,000 must have been ejected. 

It thus appears that if the meteorites have been originally driven 
from any planet of the solar system, large or small, the volcano must, 
from one cause or another, be a very powerful one. 

There is, however, one planet of the solar system which has a 
special claim to consideration. On that planet it is true that a vol- 
cano would be required which was capable of giving an initial velocity 
of at least six miles per second; but every projectile launched from 
that volcano into space would, after accomplishing an elliptic orbit 
round the sun, dash through the track of the earth, and again pass 
through the same point at every subsequent revolution. It is not 
here a case of one solitary projectile out of 50,000 crossing the earth’s 
track, but every one of the 50,000 possesses the same property. The 
planet of which we are speaking is, of course, the earth itself. If in 
ancient times there were colossal volcanoes on the surface of the earth 
which had sufficient explosive energy to drive missiles upwards with 
a velocity sufficient to carry them away from the earth’s surface, after 
making allowance for the resistance of the air, these missiles would 
then continue to move in orbits round the sun, crossing at each revolu- 
tion the point of the earth’s track from which they were originally 
discharged. If this were the case, then doubtless there are now 
myriads of these projectiles moving through the solar system, the 
only common feature of their orbits being that they all intersect the 
earth’s track. It will, of course, now and then happen that the earth 
and the projectile meet at the point of crossing, and then we have the 
phenomenon of the descent of a meteorite. The theory, that the 
meteorites have originated in the earth, was, so far as I know, first put 
forward by Dr. Phipson. Mr. J. Lawrence Smith, im a letter I re- 
ceived from him some months ago, inclines to the same view as at al. 
events one of the probable sources. 

It is well to note here the great diffierence between the lunar 
theory of meteorites and the terrestrial theory. For the lunar theory 
to be true it would probably be necessary that the lunar volcanoes 
should be s¢z// active. In the terrestrial theory it is only necessary to 
suppose that the volcanoes on the earth once possessed sufficient ex- 
plosive energy. No one supposes that the volcanoes on the earth at 
present eject the fragments which will constitute future meteorites, 
but it seems probable that the earth may be now slowly gathering 
back in these quiet times the fragments she ejected zm an early stage 
of her history. 

Assuming, therefore, that the meteorites have had a quas?-volcanic 
origin on some considerable celestial body, I am led to agree with 
those who believe that most probably that body is the earth. 
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XXXVIII.—Awn Easy Mone or opratnine THE comMPLETE DIFFERENTIAL 
Eauations oF Morton oF AN OcEAN suURROUNDING A Sotrp Nuctevs, 
AND suBJECT TO ANY DisturBinec Forces (tHE Nucinvs ITSELF 
REVOLVING ON A Fixep Axis); wirHour CaLcuLation or TRans- 
FORMATION OF Co-ORDINATES; FROM SIMPLE QEOMETRICAL AND 
MecuanicaL Principtes. By the Rev. Samvenr Haveuron, 
Maps publ: =D: C.L:; Oxon: 


[Read April 14, 1879.] 


Tue complete differential equations of the motion of the sea or 
atmosphere, referred to polar co-ordinates, are regarded, justly, as one 
of the most brilliant results that we owe to the genius of Laplace ; 
and yet they are found to be a ‘‘stumbling-block” in the way of 
young mathematicians, from the hideously repulsive form in which 
they are deduced, by transformation, from fixed rectilinear co- 
ordinates, by Laplace himself, and by his followers. 

Any attempt, therefore, to write down these equations at sight, 
from elementary geometrical and mechanical principles, will be re- 
garded as useful. 

According to the self-evident principle of D’Alembert, all prob- 
lems of Dynamics are reducible to problems of Statics, by intro- 
ducing velocities and accelerating forces, equal and opposite to the 
existing velocities and accelerating forces. 

Now, the most general equations of equilibrium, of any system, 
are the following, six in number— 


C= 0, IFS 0) = O; 

= Vy LS, Ai =O; (1) 
where X, Y, Z, are the sums of the external forces resolved along 
three rectangular axes ; and Z, I/, WN, are the sums of the Couples (or 


Twists) of those forces round the axes of X, Y, Z, respectively. 
The corresponding dynamical equations are— 


ee 
2 
¥ - t=, 
A - F °, (2) 
L = (g-9F) =o 
We & (G-a)- > 


i 
2 


d dx dy 
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These equations become, in the case of an incompressible fluid— 


dp _ Px 

da dt? 

dp dy 

a Y- Te (3) 
dp a2 

ds 7 a 


where p is the common pressure of the fluid (equal in all directions) 
at any point (%, y, 2). 

It will be noted, that the last three equations of (2), depending on 
couples, disappear; because, in consequence of the mobility of the 
particles of the fluid, ter se, internal couples or twists become 
impossible. 

The Laplacian equations of motion, in polar co-ordinates, are 
usually deduced from (3), by transformation of the co-ordinates, from 
x, y, 2, reterred to fixed axes, where the axis of x is the axis of rota- 
tion; that of y an axis perpendicular to w, and fixed in space; and 
that of z, an axis perpendicular to those of x, y; to r, 6’, ¢’, where r 
is the radius vector, 6’ is the north polar distance, and ¢’ is the 
angular distance from the plane of z, y, of the meridian of any 
moving particle. 

Instead of referring the forces to fixed co-ordinates, I refer them 
to the following moveable rectangular co-ordinates :— 


Axis of x’. 
Let & denote the sum of the forces at any point, acting along the 
radius vector (negative towards the centre, and positive from it.) 


Axis of y'. 

Let S denote the sum of the forces at any point acting in the 
meridional moving plane, and perpendicular to r ( positive towards the 
equator, and negative towards the pole.) 


Axis of 2. 

Let 7 denote the sum of the forces at any point acting perpendicu- 
larly to the two former directions, or in the direction of the tangent 
to the small circle of latitude (negative against the rotation, and 
positive with it.) 

Let 7, 6’, ¢’, denote the polar co-ordinates in their most general 
form. The alteration in pressure produced by a change in? is similar 
to that produced by a change in 2, y, 2, of the first three of equa- 
tions (2) (because they are all linear magnitudes), and denotes a force 
acting to or from the centre; but the alteration in pressure produced 
by a change in angular direction by a change in @’ or ¢’ is no longer 
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a force, but a couple, tending to turn the fluid round the centre. 
Thus, 


= is a force acting in the direction of the radius vector ; 


<5 is a couple, acting always in the moving meridional plane, and 


whose axis moves perpendicular to that plane ; 


= is a couple, acting always round the axis of rotation, and 


parallel to the equatorial plane. 


It is evident that if D’Alembert’s equations (2) are satisfied— 


1°. For forces acting along the radius vector ; 


2°. For couples acting in the meridional plane in every possible 
position of that plane ; 


3°. For couples acting always round the axis of rotation ; 


complete Dynamical Equilibrium will be secured. 

We may discount all the mechanical consequences of the rotation 
by introducing the centrifugal force, leaving only the geometrical 
consequences of the rotation, in the problem. 


The geometrical effect of the rotation is expressed by writing 
¢' = nt + ¢’, 


where » is the angular velocity of the earth’s rotation. 


The components of the velocity of any particle along R, S, 7, 
are— 


dr de’ 


Bibi dg’ 
wT gp 7 in 6 \@ + +). 


3 The centrifugal force affects the directions R, S, only, and does 
not enter into 7. 
The centrifugal force in the direction of R is, obviously, 
do” ; dd! 2 
2 29) ratte 
ap + 7 sin (ns | 
r 


From this, and from the first three equations (2) we find, at 
sight— 


Re pea san 1 24! Oe 
ae 7p * WP +rsin*6’\ 2 + ae | 


* 


1 |? w 12 2 
ip _p,_vr rdé ( =) (A) 
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The centrifugal force in the direction of S is, obviously, 


dd’ \2 
r sin 6’ cos a(n at +). 


The sixth of equations (2) therefore becomes, remembering that 


| da! ye dy, ae 


TO 


and equating couples in the meridional plane— 


dp dis dO \ a seen eee AM dg 
76! = Sr- Fe saa ee sin 6’ cos 6 Tae (B) 
If we now equate the couples in the equatorial plane, we find, 


since 
_Y det, es ‘ dd’ 
aay et fies dt me (fe sin? 6 Te =) 


d dd’ 
a = Tr sin  - ae sin? @’ ts + | ) (C) 


The three equations just found from elementary principles are 
exact equivalents of the Laplacian differential equations, which are 
thus expressed by Airy? :— 


bo xis rts st 20010) 
+ r(F\ + 7 sin’ 6’ c + +); (A’) 
ae 
+7* sin @ cos 6 [n - oY, (B’) 
a = Zy — Yze-2r = sin? 6’ ° + = | 


: , a0 oa Gas : 
— 2r* sin 6’ cos 6 Ne + a)? sin? (C’) 


1 «Tides and Waves,”’ p. 264. 
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In addition to the foregoing differential equations of motion, the 
geometrical equation called the ‘‘ Equation of Continuity ’’ has to be 
found. 

I here give it by means of an investigation more general and more 
simple than that used by Laplace and Airy. 

Let 


u = the linear velocity in the direction of the radius vector ; 


v = the angular velocity in latitude in the plane of the moving 
meridian ; 


w = the angular velocity in longitude. 


If we imagine a prism erected on a trapezoidal base whose four 
corners are 
(1). 6, ¢’; (2). 6 + db’, $"; 
(3). 0, d’ + dd’; (4). & + dé’, ¢' + dd’; 
the sides (1, 2) and (3, 4) are equal, and each rd6’; but the sides 


(1, 3) and (2, 4) are not equal; the first being r sin 6’d¢’, and the 
second being 7 sin (6’ + d6’) dd’, or 


ry (sin 6’ + cos 6'd0') dd’. 


If, now, 2 denote the variable depth of the sea, the quantity of 
water passing in the time d¢, through the wall of the prism (1, 2), will 
be 


2x 7rd@' xr sin O'wdt. 


The quantity of water passing in the same time through the wall 
(3, 4) will be 


CE a, : Behe UD) 
(2+ 25, de") x ra xrsin 6 (w+ apt 


The difference of these quantities is 
dz dw 
ud / A’ Pat hk Kb / 
y* sin 6! dé at(w aap ae 
de! ~ 


The quantity of water flowing in the time dt through the wall 
(1, 3) is 


or, 


7? sin & dé! dd! dt 


(@) 


zxyrsin dd! x rv dt, 
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and in the same time there passes through the wall (2, 4) the quantity 


_, & coe , a sin 6’ ) 
(2+ pa "x sap at x(osin 6+ + Tague : 


The difference of these quantities is 


200! Th! aca? 
rade’ db at: sin 6 7, + 20 00s 6) + sin a 


which is equivalent to 
y* sin 6! dé’ dd! dt ea + vz cot a (0) 


The sum of (a) and (4) is the excess of inflow or outflow, in the 
time dt, through the four walls of the trapezoidal prism. Now, as the 
bottom of the sea is fixed and allows no inflow or outflow, the sum of 
(a) and (6) must be equal to the area of the trapezoid, multiplied by 
the rise or fall of the surface (taken with its proper sign). 

This volume will be 


ry sin O'd6'dq' dt x u. (¢) 
Hence, adding (a), (6), and (c) together (with a proper sign for «), 
we obtain 
d(wz) d (vz) ae 
u + dg! + ar + 08 cot 6’ = 0. (D) 
This is Laplace’s famous Equation of Continuity, and is identical 
with that given by him (Méc. Cel., vol. i. p. 104), when the notation 
is changed into his notation. 
Equation (D) may be thus written :— 


une(Z a ay tv ct 8!) dz dz a 
*\ae a’ Wage ae cai 


The second part of this equation vanishes when the sea has 4 con- 


stant depth ; in which case the Equation of Continuity reduces to the 
form 


dw dw 
us0(T + Gy tv eat 7) = 0, (D) 


where 6 is the constant depth of the sea. 

Every conceivable problem, in tidal motion and oceanic current 
circulation, is theoretically solved by equations A, B, C, and D; 
and the only further difficulties are practical, arising from the imper- 
fection of our mathematical knowledge. 
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XX XIX.—On a Cyzinprican Mass of Basatt EXISTING AT CoNTHAM 
Heap, Moon Bay, Coast or Antrim. By Josep P. O’ Retry, 
C.E., Central School of Paris; Professor of Mining and Mine- 
ralogy, Royal College of Science for Ireland. Plates 8 and 9. 


[Read May 12, 1879. | 


Waen engaged in studying the forms of columnar basalt at the Giant’s 
Causeway, I had occasion to observe and to take sketches of a very 
remarkable cylindrical form of that rock, which occurs at the N. W. 
point of Moon Bay, marked Contham Head on the Ordnance Map, and 
situated at about two miles distance east of the Giant’s Causeway. 

When first observed by me in 1875, I was quite unable to explain 
its origin and connexion with the containing rock; but having subse- 
quently revisited the locality, for its further examination, and the 
making of a few sketches, I was enabled to arrive at certain conclu- 
sions as to the nature and origin of this remarkable form, which I beg 
leave to submit to the Academy. 

Contham Head is a small promontory or spit of basaltic rock, ex- 
tending out into the sea about 250 feet, its breadth at the water level 
being about 200 feet. There is a central rib rising above the under- 
lying basalt bed, about twenty to thirty feet at most, having a length 
of about 150 feet, and a breadth of about fifty feet. 

This low, narrow, and relatively short promontory is only acces- 
sible from the cliffs by a narrow and precipitate pathway, used prin- 
cipally by the kelp-gatherers, but decidedly uninviting for those not 
accustomed to such ground. Such a point, quite out of the usual 
track of tourists, is but rarely visited, and I should not have had any 
knowledge of it had I not chanced to observe the remarkable cylin- 
drical form when passing quite close to the shore in a boat, catching 
thus the bold outline presented by the eastern side of the rock form. 

The cylindrical mass, known among the boatmen as the ‘ mzdl- 
stone,’ occurs at the point of the promontory where the narrow spit 
joins the mainland. It here extends across the spit in an E.—W. di- 
rection, having a horizontal length of about fifty to sixty feet. 

The section is not quite circular, being rather oval. The greater 
diameter, the horizontal one, is about twenty-four to twenty-five fect, 
and the vertical one about eighteen to twenty feet. It presents a 
series of apparently concentric joints, irregularly distributed as regards 
distance from the centre, and is furthermore broken up by radial joint- 
ing, also irregularly placed, and giving rise to blocks of forms very simi- 
lar to those observable at the Causeway. The mass rests upon and is 
partially enclosed by an amygdaloidal basalt of the rich violet colour so 
remarkable in many of the beds along the coast, and characterized by 
the presence of masses of scarlet jasper wherever in contact with the 
sea water. This amygdaloidal basalt is much corroded, and is being 
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eaten away by the sea and atmospheric action, while the cylindrical 
mass seems to be of a much more durable material, and therefore to 
resist much better those corroding agents, although so extremely ex- 
posed by its advanced position. 

Spherical and cylindrical forms in basalts and trachytes have been 
observed and described already. The cylindrical form, however, is 
the less frequent and less generally known. ‘The spherical form has 
generally been explained to be due to hydration of the rock from the 
outside inwards, with consequent softening and final disintegration. 
The onion-shaped masses which occur in so many places about the 
Causeway and the coast afford excellent examples of this action. 

The cylindrical form has not as yet been equally clearly accounted 
for. The only information or observation that I have met with rela- 
tive to this form is contained in the remarkable Paper by Regnault, 
published in the Annales des Mines for 1832 (8rd series, vol. 1., p. 361.) 
It is entitled, ‘‘Sur les formations volcaniques du bord du Rhin, 
par M. Jean Regnault, Ingénieur des Mines.” Speaking of the 
Wolkenberg, he says :—‘‘ Au milieu de la masse, ou trouve de vastes 
colonnes verticales de 50 & 60 pieds d’élévation qu’on ne saurait 
mieux comparer qu’ a des trones @arbres; le trachyte se délite en 
feuillets minces et contournés, autour de l’arbre, comme une véritable 
écorce; a l’instant ot nous avons visité la carriére, trois de ces colonnes 
trés distinctement dégagées 4 moitié, s’élévent sur toute la hauteur 
de Vescarpement.”’ 

Page 370. He mentions a lode or dyke of basalt :—‘‘ ayant sur les 
bords toute l’apparence de trachyte.” 

Page 371. ‘‘ Vers lalimite septentrionale du Siebengebirge on ren- 
contre une grande formation de basalte courant a peu prés paralleéle- 
ment au Rhin, et qui forme une créte de prés d'une lieue de longueur, 
son étendue et sa direction offrent quelques rapports avec les filons de 
basalte, N. et N. E.” 

He describes the form of the Langenberg, and states that the 
basalt, ‘est trés dur, trés résistant, frequemment caverneux, avec 
géodes de calcite et arragonite.”” He continues :—‘‘ Mais la disposi- 
tion générale qu'il affecte offre une singularité, dont on ne trouverait, 
je crois, que peu d’exemples; tout le Langenberg n’est qu’un fragment 
dune vaste boule qui se délite concentriquement par rapport a un 
noyau globulaire, qu’on voit dans une carri€re située prés d’ Obercassel. 
La carriére offre ce noyau avec toutes ses enveloppes sur une hauteur 
de plus de 100 pieds, et audessus et audessous dans la montagne et la- 
téralement 4 de grandes distances, on voit les strates de basalte pré- 
senter la méme connexion autour du centre commun; ce centre n’a 
avec la forme générale, aucun rapport géométrique. Il n’est pas 
inutile de faire remarquer que la courbure n’est pas celle d'une sphére, 
mais celle d’un ellipsoide aplati.” 

Page 387. He discusses the probable existence of transitions or pas- 
sages between the lavas, the basalts, the trachytes, and even the 
porphyries. 
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It is to be remarked, that of the two examples thus described, the 
one is a vertical form in a trachyte rock, whilst the other is a hori- 
zontal form in a basalt; moreover, its direction is connected with 
that of the basalt dykes of the district. 

M. Regnault attributes the cause of the forms to alterations of 
the rock mass, with accompanying exfoliation, but does not exa- 
mine the question whether the rock was or was not originally homo- 
geneous, and how far the absence of homogeneity in the basaltic and 
trachytic masses, and the consequent different rates of cooling and 
solidification which must have depended on that absence of homo- 
geneity, induced subsequent jointing along certain lines. 

Now, no mass of molten or fluid matter when in movement, and 
in contact with bodies differing from it in temperature and in com- 
position, can remain quite homogeneous or have all its parts equally 
warm, and therefore, so long as it remains fluid and in movement, 
there must be a tendency to the formation of a more or less regularly 
banded structure, which would guide and even assist subsequent alte- 
ration of the rock, particularly by the action of water. 

It is upon these considerations that I propose to base an explana- 
tion of the cylindrical form in question. 

When columnar basalt is carefully examined on the cross section, 
lines or bands of structure may be frequently observed, generally 
parallel to the sides of the block, but not unfrequently whorl-shaped 
or wavy. This structure may be mainly due to hydration, but it may 
also be connected with the original fluid state of the mass, and with 
the relative rates of solidification of the different parts. We have as 
an example the flow-lines in large masses of cut glass. 

As regards the basalt of the north of Ireland, we have every reason 
to assume that they came up to surface in the joints resulting from 
previous dislocation, and thence spread into and on the adjacent rocks. 
Those joints traverse rocks of various constitutions, representing lavic, 
erystalline, and sedimentary series. These rocks vary amongst them- 
selves, as regards thickness, constitution, and states of aggregation. 
They were differently affected by the force having produced the joint ; 
and it is but reasonable to assume that the joint varied in outline ac- 
cording to the nature of the rocks traversed. 

When, therefore, the basaltic dyke mass was fluid and in movement, 
it was continuously in contact with those containing rocks, and was 
acted upon by them in three ways :— 

1. By the cooling of the basaltic fluid, from the sides towards the 
central axis, and the consequent tendency to banded structure thus 
induced. 

2. By the mechanical derangement of the conditions of regular 
flow, wherever an enlargement or a contraction occurred in the sec- 
tion of the joint, and by the retardation of the flow along the walls. 

3. By the chemical reactions taking place between the fluid mass 
and such beds as were capable of being acted upon. 
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Tf the breadth of the jomt remained quite uniform and unacted 
upon, the only action of the walls on the fluid mass would be that of 
reducing the temperature (wherever that temperature had not already 
attained that of the basalt). The differences of temperature thus pro- 
duced should give rise to banding more or less defined and regular. 
Where, however, the section of joint presented an enlargement or a 
contraction, there not merely banding, but the formation of whorls, 
must have to some extent resulted, the fluid mass continuing in move- 
ment. Where the enlargement or contraction was very marked and 
sudden, then such whorls would have been most likely to be formed, and 
should, if formed, present a direction parallel to the intersection of 
the joint with the direction of the bedding. As, however, bandingis 
assumed to have been going on simultaneously, the whorl should pre- 
sent, when solidified, lines indicative of that banding, the final cooling 
and solidification giving rise to the radial jointing. Those whorls 
would have tended to increase in diameter or number of bands with 
the persistence of the flow, and, moreover, would tend to uplift the 
strata or beds traversed by the joint, and at least to open the planes 
of bedding limiting such beds. Injection of the fluid basalt into 
those planes of bedding would thus be set up, and might continue, 
according to the conditions of pressure and of fluidity. There would 
thus be established a connexion between the dykes, their direction, 
the whorls, and the intercalation of beds of basalt between the pre- 
viously existing beds traversed by the joint. Such a connexion is to 
some extent implied by the description given by Regnault of the Rhine 
basalt mass of Langenberg. It really exists in the case which I am 
discussing, since the direction of the cylindrical mass is that of the 
coast line, itself dependent on the jointing of the country. 

There is a further and very interesting consideration in connexion 
with this whorl form, if it be admitted to have been formed as sug- 
gested. It is that of the temperature and of the correlative depth 
from surface at which the whorl was formed. Admitting for the fluid 
basalt a very slow movement, it is quite clear that the formation of the 
whorl would be equally slow, and even might be slower, and that the 
cooling should have been very slow indeed to allow of the continuous 
formation of one of those cylindrical masses. Such a condition of 
temperature would best be satisfied by the action having taken place 
at a relatively great depth, that is to say, a depth corresponding to 
that at which basalt melts, which may be taken at 700° or 800° C. at 
least. Or, by supposing that the fluid mass had remained in the 
joint such a length of time as to communicate to the sides an amount 
of heat sufficient to allow of a continuous movement in the mass with- 
out rapid cooling and solidification ensuing. In any case a certain 
depth from surface may be assumed as having been one of the condi- 
tions attending the formation of the cylindrical mass in question. 

That the coast of Antrim has at some time been under the present 
level is sufficiently proved by the geological strata existing there. 
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That there have been many oscillatory vertical movements is more 
than probable, and every fact tending to prove those oscillations is of 
interest geologically. 

I naturally sought for further confirmation of my views as regards 
the mode of formation of those cylindrical forms and their connexion 
with the basalt dykes, and I am under the impression that the bold 
mass of rock which rises from the sea at the entrance of Portroon 
Creek, half a mile west of the Giant’s Causeway, and which I have 
sketched, affords such a confirmation. The dyke is perfectly distinct, 
with its transverse columnar formation, and presents, in my opinion, 
a whorl or cylindrical mass immediately in connexion with it. The 
distinctness of the form is not, however, so evident as to allow of my 
comparing it with the mass at Contham Head, but merits, however, 
being recorded as a term of comparison. 
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XL.—Nores oF some Osservations on Nireirication. By Epmunp 
W. Davy, A.M., M.D., Professor of Forensic Medicine, Royal 
College of Surgeons, Ireland, etc. 


[Read, May 12, 1879.] 


A coop deal of attention, on the part of chemists, has of late been 
given to the subject of nitrification, or the formation of nitrites and 
nitrates under different circumstances. This has arisen, in a great 
measure, from the observations of MM. Schlesing and Miuntz,} 
which were laid before the Academy of France about two years ago. 
From the researches of those gentlemen, they arrived at the conclu- 
sion that nitrification was due to an organised ferment, and that it was 
probably the office of some of the low forms of vegetable life to produce 
those oxides of nitrogen under different circumstances. And the sub- 
sequent investigations of Warrington, Storer, and of other chemists, 
would appear to go far to confirm the correctness of their theory of 
nitrification, at least under the conditions in which their experiments 
were made. Though there exists, no doubt in many cases, an inti- 
mate relation between the formation of nitrites and nitrates, and the 
development of certain organized germs, still as far as my observa- 
tions go, I do not think that there is sufficient proof to show that 
their development in such instances is the cause of nitrification, and 
not, rather, one of the circumstances attendant on that process. 

My experiments, however, were made not with a view to deter- 
mine that question, but in reference to the detection of animal im- 
purities in potable waters, and to ascertain the circumstances which 
were favourable or otherwise to the formation of nitrites and nitrates 
in waters which were so polluted, as the presence of such salts is 
generally regarded as indicating previous sewage contamination, and 
the drinking of water with such pollution is not only injurious to the 
health of those who thus employ it, but there exist strong grounds 
for the opinion which is now very generally entertained, that such 
water frequently becomes the means of conveying the germs of cer- 
tain formidable diseases, especially those of typhoid fever and cholera, 
from its containing the fecal and other emanations of individuals 
labouring under those maladies, and thus disease and death are often 
insidiously brought into many homes when such diseases are prevalent 
in different localities. 

Besides, as the formation or production of nitrates is one of great 
industrial and agricultural importance, any facts which might directly 
or indirectly enable us to facilitate or hasten that process would be of 
much practical value. 


1 “ Comptes Rendus,”’ lxxxiy. 301. 
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As human urine and feculent matters may justly be regarded as 
the most offensive and dangerous ingredients of sewage in general, 
my experiments have been confined to those matters, and were 
principally made on urine, which, from its containing different nitro- 
genous substances, readily susceptible of decomposition, is peculiarly 
suited for the study of the nitrification of animal matters. By mix- 
ing this liquid with various proportions of water, and placing the 
mixtures under different circumstances, | have endeavoured to ascer- 
tain those that were favourable or otherwise to their nitrification ; 
and to determine some points connected with that process which 
required further investigation. I should here observe that in detect- 
ing the occurrence of nitrification I have principally used the well- 
known test of Price for nitrites, which consists in adding to the water 
or mixture a thin solution of starch, containing a little iodide of 
potassium, and acidifying with diluted sulphuric acid, when a blue 
reaction from the liberated iodine will be immediately produced, 
should a very minute quantity of a nitrite be present. And as there 
is every reason to suppose that the production of nitrites precedes 
that of nitrates in the nitrification of organic matters in solution, and 
the detection of the former is much more easily effected than the 
latter, at least under the conditions existing in my experiments, 
I was satisfied in most cases to obtain the evidence of the formation of 
nitrites by the employment of the test to which I have just re- 
ferred. 

The experiments of Warrington® have led him to conclude that 
darkness is an essential condition to the development of those low 
forms of vegetable life, which are supposed in many instances to give 
rise to nitrification. 

This is a question which it is difficult to determine decisively 
one way or the other, owing to the impossibility of having with us 
continuous daylight to operate with. Still I think we may arrive at 
an approximative conclusion on this poit, by making comparative 
experiments on similar mixtures, kept altogether excluded from the 
light, and on those exposed to its full influence, and then determin- 

‘ing the amount of nitrification which had taken place in each, after a 
given time; and if darkness be so essential to that process, we should 
naturally expect that in the mixtures exposed to its continuous influ- 
ence there would be an earlier and a greater development of nitrifica- 
tion, than in those which had been placed under it for about one-third 
or one-half the time, each day of twenty-four hours. 

From the results of several comparative experiments made in this 
way, I have come to the conclusion that the conditions of light or 
darkness exercise but little influence one way or the other in this 
process, at least under the circumstances existing in my experiments, 


* «¢ Journal of the Chemical Socicty,’’ January 1878. 
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which consisted in placing different portions of the same mixtures in 
similar bottles, some of which were surrounded with black cloth or 
velvet to exclude light, whilst others were left uncovered, and all of 
them were suffered to remain open or uncorked. On examination 
after a few days there was but little difference as to the amount? of 
nitrification that had taken place in each—indeed in some of my ex- 
periments it had progressed to a greater extent in the uncovered than 
in the covered bottles; and in all made on this subject (except those 
to determine this point as to the necessity or not of darkness), ~ 
the mixtures were left exposed to the light, and some to the full 
influence of strong sunshine, yet still a considerable amount of nitrifi- 
cation took place in each. Besides, in nature much of the nitrates 
which occur in the surface soils of different localities must have been 
formed under the influence of more or less daylight; all of which 
facts, I conceive, are more or less opposed to the necessity of darkness 
in this process. 

Another point which has not, I believe, been clearly established, 
at least as regards nitrification occurring in water containing organic 
matters, is the necessity of having a certain amount of air or free 
oxygen to carry on the process; this I have proved in the following 
very simple manner:—To water which had been kept boiling for some 
time to expel its contained air, I added a small quantity of freshly 
voided urine (the proportion employed being about one part of urine 
to sixteen parts of water, such a mixture having been proved to be 
very suitable for nitrification), and then repeated the boiling to ensure 
the removal, as far as possible, of any dissolved air. Several bottles 
which had been kept immersed in the boiling mixture were then 
filled completely with it, corked, and sealed with sealing-wax, to 
prevent the access of air. Some, however, of them containing this 
mixture were left open for comparison. After leaving the bottles for 
a day or two in the same place, I first examined the open ones for 
nitrites, and when the test indicated the abundant formation of those 
salts, I opened one of those sealed, when not a trace of nitrites was 
discoverable in its contents; the remaining sealed ones were opened at 
different periods subsequently, with the same results. Other compa- 
rative experiments were made, where the temperature of the mixtures 
was artificially kept at a heat very favourable to nitrification, but, in 
every instance where the access of air had been excluded, no trace of 
nitrites could be detected—clearly proving the necessity of more or 
less air or free oxygen for their formation. But the amount neces- 
sary to commence, at least, the process is small, for 1 found where 


3 In ascertaining the amount of nitrification, the indigo process as described by 
Sutton in his ‘ Volumetric Analysis ’’ was employed, which served for the deter- 
mination of the nitrites and nitrates collectively ; and though it may not be quite so 
accurate as some other methods, was sufficiently so for this purpose, as it was only 
the comparative amounts of nitrites and nitrates formed under the different cireum- 
stances of the experiments that I wanted to determine. 
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the mixture had not been boiled previously to the complete filling, 
corking, and sealing of the bottles, that the air dissolved in the 
liquid was sufficient to cause the production of nitrites to some 
extent. 

The quantity of animal matter which is held in solution in the 
water, I find exercises a considerable influence over nitrification; for 
where it occurs in very large proportion, there the process either does 
not take place at all, or is carried on much slower than in the more 
dilute solutions. This I have proved by comparative experiments 
with water mixed with different proportions of the same sample of 
urine, or of solution of excrementitious matter, where I found that 
nitrification occurred first in the more dilute mixtures; and that where 
there was much organic matter present, that the nitrites which might 
ultimately be formed soon afterwards disappeared again by their 
subsequent change or decomposition, whereas those that had been 
produced in more dilute solutions have remained unchanged for a 
considerable time. 

But the circumstance which I have found to exercise the greatest 
influence over nitrification is that of temperature ; for I have observed 
that in cold weather it is very slow in taking place, whilst in warm 
it is much quicker, and that by the application of artificial heat the 
process can be greatly accelerated. The correctness of this observa- 
tion is borne out by the well-known fact, that it is from the soils of 
different hot climates that we obtain our chief supply of nitrates. 

As to what may be the most favourable temperature for this pro- 
cess, I have not yet been able to determine, owing to the difficulty, as 
I am circumstanced, in maintaining continuously the same degree of 
artificial heat ; but I have found that where the mixtures were placed 
where they were kept at a temperature which varied from about 70° 
to 80° F., that there, the process was carried on very quickly, and 
that nitrites were soon abundantly formed, whereas in similar mix- 
tures maintained at lower degrees of heat, or at the ordinary tempera- 
ture, not a trace of those salts could be detected in the same time, 
and that their presence was not discoverable till after a much longer 
period. 

The foregoing observations have, I conceive, some important bear- 
ings as regards the contamination of water with sewage, and the evi- 
dence of such, derivable from the. occurrence in it of nitrites and 
nitrates. For though the presence of those salts is undoubtedly in 
many instances an indication of previous sewage pollution, still their 
absence, taken by itself, cannot be relied on as a sure indication of the 
freedom of the water from such contamination. For the circum- 
stances present may have either been unfavourable to the formation 
of nitrites and nitrates, or have produced their subsequent rapid dis- 
appearance—thus, for instance, the lowness of the temperature of the 
water may have prevented their formation, or the quantity of organic 
matter present may have interfered with their development, or have 
led to their subsequent change and disappearance. Such, amongst 
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other circumstances influencing the presence of those salts in water 
containing animal matters, will at once be evident ; and their absence, 
unless accompanied by other indications of purity, cannot be relied on 
as a proof of the freedom from such contamination. 

Before I conclude, I wish to call attention to another fact, which 
T have noticed in connexion with this subject, viz., the rapidity with 
which nitrites are sometimes formed in waters contaminated with 
sewage impurities. This is a subject of considerable importance in 
an analytical point of view, as I shall endeavour briefly to explain. 

It is well known by those who have analysed potable waters, that 
the method which chemists now principally employ to ascertain their 
purity or otherwise is to determine the quantity of ammonia a given 
amount of the water will yield on distillation, both before and after 
the addition of a strongly alkaline solution of permanganate of potash. 
The first obtained is termed the free, and the second the albuminoid 
ammonia. The former is regarded as the representative of the nitro- 
genous organic matters previously existing in the water, which have 
undergone more or less decomposition, whilst the latter is produced 
by the action of the alkaline permanganate on those substances still 
present in the water. Consequently, the less of each that is furnished 
by a sample of water when so treated, the purer organically is it re- 
garded, and the safer, other circumstances being similar, would it be 
for potable purposes. When lately analysing a sample of water that 
had been contaminated with sewage, to ascertain the amount of such 
pollution, which was afterwards the subject of an important legal in- 
quiry, in my first trial I found that the water yielded a quantity of 
free ammonia which was equivalent to 0.970 parts of a grain per 
gallon, but, on repeating the determination a few days afterwards, 
it was discovered that it had fallen to 0.186 parts of a grain 
for the same quantity of water, or to less than one-fifth of the 
former amount; whereas the quantity of albuminoid ammonia 

yielded had slightly increased. This result as to the great de- 
crease of free ammonia, which at first rather surprised me, I 
ascertained was due to the formation of nitrites, which had been 
developed to a large extent, in so short a time, at the expense of 
the free ammonia. Such being the case, if the water had not been 
examined till the date of the second analysis, and if the nitrites had 
not been taken into account, this water would have been regarded as 
containing much less free ammonia than it did, and consequently 
that the previous sewage contamination was less than it really was; 
this point is therefore one of some analytical importance. 

It is right for me to observe, in connexion with this latter fact, of 
the decrease of free ammonia in waters by keeping, that long after I 
had made that observation I met with, in the Chemical News for 
March 2nd, 1877, a letter written by Professor Pattison Muir of 
Owen’s College, in which he calls the attention of chemists to some 
observations his brother had just made in the laboratory of the Uni- 
versity at Sydney, in which he had noticed that the amount of free 


—— 
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and of albuminoid ammonia, as determined by Wanklyn’s process, 
varied very considerably with the time the sample of water had been 
kept; but neither of those gentlemen has offered (in the letter re- 
ferred to) any explanation of the fact, further than that Professor 
P. Muir throws out the suggestion, in the case of the increase by keep- 
ing of the albuminoid ammonia, that possibly it might have been 
owing to the germs which have escaped decomposition by the per- 
manganate, undergoing a gradual decomposition in the water, and that 
ammonia is one of the products of this process. Be this as it may, I 
have satisfied myself that the loss of free ammonia is often due to the 
formation of nitrites or nitrates, which are very rapidly formed under 
different circumstances. And as regards albuminoid ammonia, the 
very slight increase which I observed in my experiment was, I 
thought, very easily accounted for by my having in the second deter- 
mination carried on the process of distillation somewhat further than 
in the first trial, and in this way the amount might be very naturally 
increased. 

Finally, my observations that nitrification is greatly promoted by 
warmth might, I conceive, admit of some practical application in the 
manufacture of the nitrate of potash in the artificial nitre beds, 
especially in those of cold countries; and I am not aware that heat 
has hitherto been anywhere artificially applied to hasten or promote 
that important manufacture. 


248 Proceedings of the Royal Irish Acadenvy. 


XLI.--On Recent ResEARCHES RESPECTING THE Mintuvm VISIBLE IN 
THE Microscopr. By C. E. Burton. 
[Read, May 26, 1879.] 

InvestiIcAtions for the determination of the magnitude referred to in 
the title of this paper have been recently made by Dr. Royston Pigott, 
and by Professor Abbé of Jena. Dr. Pigott has accumulated a num- 
ber of data relating to the separability of details in the images of 
distant objects formed by any combination of lenses which is both 
aplanatic and achromatic for the conjugate focal distances employed, 
and also of short focus, when those images are viewed by a similarly 
corrected compound microscope, the optic axes of beth systems being 
carefully adjusted to coincidence. 

It is plain that if we assume that the light proceeding from the 
distant object to the focus of the image forming combination, which 
combination we will designate as A, pursues its course in strict 
accordance with the law of refraction, and with it alone, that we can 
very readily determine the linear magnitude of any detail in the image 
found by 4, from the magnitude of the corresponding detail in the 
object used (meshes of gauze, window bars, &c.)}, the rate of object to 
image being equal to the ratio of the corresponding conjugate focal 
distances respectively. Dr. Pigott has published measurements which, 
upon the assumption just stated, would prove that linear magnitudes 
of less than z5o2s00th of an inch could be distinctly discerned, and 
yet further, that lines could be separately distinguished when their 
reduced interval was approximately equal to ~os4-s00th of an inch. 

I have repeated Dr. Pigott’s experiments with some slight modi- 
fications, and have found that with two opposed objectives the equi- 
valent foci of which were respectively 4th and 3th of an inch, that 
the image of a fine line at a considerable distance was still visible 
when reduced to a magnitude equal, on the above supposition of a 
strictly geometrical reduction, to over a hundred and forty thousandth 
of an inch. Using a +};th by Ross, and +:th by Hartnack, as the 
image forming and examining objectives, the fine line used as object 
was visible as a geometrical magnitude = a two hundred and eighty 
thousandth of an inch, and appeared sensibly as distinct as when viewed 
under the same visual angle by the naked eye. 

The deductions just made as to the linear magnitude of the images 
of the distant fine line are, however, shown to be untenable when we 
consider that we have no means, as far as is known at present, of ascer- 
taining the form and dimensions of the details of an image produced 
in the manner above described, other than the optical examination of 
it with the aid of a system of lenses which would produce a precisely 
similar effect on the rays from the object if placed in a similar posi- 
tion to that occupied by the image forming system A. Let the 
examining system be designated £. Then the rays which have been 
converged by A to any area in the common focal plane of the two ob- 
jectives will diverge again symmetrically from that area to B, and 
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supposing both combinations to be perfectly corrected, would form an 
image of the object precisely similar to it in the rear of B. 

The effect of any interference or of diffraction in the convergent 
cone from A will be undone in the divergent cone whose base is the 
front lens surface of B. 

Therefore, whatever be the actual distribution of light and shade 
in the common focal plane of 4 and B, the resultant after passing B 
will be identical with the originant, ¢. e. the object of A. In other 
words, # merely restores the rays to the identical mutual relation 
which they possessed before entering 4. 

The existence of any aberration in either or in both of the ob- 
jectives or combinations of lenses used, 4 or B, disturbs the relation 
of symmetry between the convergent and divergent luminous cones, 
and consequently renders the restoration of their components to their 
primary condition more or less incomplete. The final image thus be- 
comes indistinct to a corresponding extent, so much so indeed that 
the method of Dr. Pigott approves itself as an extremely sensitive 
detector of aberrations outstanding in the opposed systems. 

But it is evident that no information as to the separability of ma- 
terial lines as distinguished from focal images can be obtained by the 
method just described. In the case of material objects, the light 
which renders them visible has undergone very different treatment 
from that adverted to above. Every system of material points, the 
intervals of which are comparable in dimensions to the length of a 
waye of light, acts as a more or less regular diffraction grating when 
a pencil of rays is transmitted through it, and the pencil is redistri- 
buted in the process of transmission into a direct pencil, and a varying 
number of diffracted pencils dependent upon the number of regular 
diffracting systems, of which we may conceive the assemblage of ma- 
terial points to be composed, and divergent from the axis of the un- 
diffracted pencil at angles which are determined by the degree of 
closeness of the several imaginary component gratings. The angles 
of divergence of diffracted pencils increase with the fineness of the 
details producing diffraction until they approach equality (for direct 
light) to a wave length of that light when the divergence becomes 
equal to 90°, or, in other words, diffraction ceases. 

If the angular aperture of the observing objective be sufficiently 
wide, it will receive one or more of these diffracted pencils besides the 
direct pencil. 

Professor Abbé’s researches have resulted in showing that the 
representation of minute detail of avy kind is dependent on the ad- 
mission of rays from these spectra to the final image in the focus of 
the eye lens of the microscope, and that if these diffracted pencils 
be entirely excluded from the final image no detail at all will be 
shown, but merely the outline of the object viewed, ec. g., the edge 
and midrib of a diatom; its markings, so called, being invisible. Fur- 
thermore, Professor Abbé has proved that the fine details of an object 
will be shown more nearly as they exist, the greater the number of 
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the diffracted pencils admitted by the objective. If the admission of 
these spectra is interfered with either by the limitation of the angular 
aperture of the objective used from its original construction, or by 
intentional screening off of any of the diffracted pencils which would 
otherwise reach the final image of the object, the apparent detail will 
be modified in a corresponding manner. These facts may be very 
readily and simply demonstrated, when a microscope furnished with 
an objective of one quarter of an inch equivalent focus is directed 
upon a valve of Pleurosigma Balticum, for example. If the objec- 
tive has an aperture of 90° or thereabouts, there will be seen, after 
focusing and removing the eye-piece in order to look down the tube of 
the instrument, a brilliant image of the mirror or source of illumina- 
tion, and symmetrically disposed round this direct image, if it occu- 
ples the centre of the tube, four similar but much fainter images, 
coloured red at their outer and fringed with blue at their inner edges, 
if white light be used. 

These faint images are the diffraction images of the source of light, 
each being composed of separate monochromatic, and individually 
accurate, representations of the luminous origin, which are distributed 
along a radius, commencing at the direct image, and arranged in order 
of increasing wave length. The composite image is therefore some- 
what distorted, bemg elongated in a radial direction, and fringed 
with colour as above described, from the overlapping of the extreme 
images. 

If the luminous source be a narrow slit allowing a sufficiently 
bright pencil to pass through a system of diffracting lines parallel to 
itself, some of the Fraunhofer lines may be seen, if solar light be 
employed, especially if the eye be assisted by a magnifying glass 
focused on the diffraction images. 

If now we conceal any two opposite spectra by appropriate screens, 
and replace the eye-piece, we shall find that one of the systems of lines 
with which the object is apparently marked has disappeared, namely, 
that which is at right angles to the line joming the concealed spectra. 
If while we still hide the same two spectra we also block out the 
direct beam, the system of lines last mentioned will be replaced by 
another, the components of which are at half the distance of those 
just described, and twice as numerous. 

This fact points the way to the explanation of the varyimg pheno- 
mena, which attributes the visible systems of lines seen in the image 
of such an object as we have chosen to the interference of the rays 
from the images of the source of light formed in the upper focal plane 
of the objective, where they meet within the eye-piece. 

The process of production of these interference strie is as follows ; 
tracing the course of the light rays from the origin upwards, and 
assuming them to be parallel. 

In the annexed diagram (1), let a, 6 be the incident beam falling 


1 Vide Note added in Press. 
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perpendicularly on two elements of a grating which are represented 
in transverse section by the thick short limes ed. The lines f f’ re- 


Cc vA e ce if 


i 


Diagram (1). 


present the principal focal planes of the objective employed, and e ¢’ 
the infinitely thin lenses which would produce refractions of the 
transmitted light equivalent to those actually caused by the objective 
itself; p is the point at which the light transmitted directly through 
the grating is brought to a focus. A bright line is consequently 
produced there if the source of light be a slit. But there will also be 
lateral diffracted rays, one of which is shown pursuing its course to 
a focal point in g. If a7, the difference in the length of the two 
sides of the beam, be equal to a whole wave length, the two sides will 
reach g in the same phase, and the result at q¢ will be a bright line. 
If the difference in length of path be equal to only half a wave length, 
the result at g will be a dark line. In general, where the difference 
in length of path equals an even multiple of a half wave length, a 
bright line will be found in the plane of f/; when, on the other hand, 
the difference equals an uneven multiple of the wave length, the result 
will be darkness. 

Let a be the angle of inclination of the diffracted ray, X its length 
of wave, and a 6 the breadth of the successive intervals of the grating, 
then we have for the first bright line sina =A =a 46; for the second 
bright line, sin a = 2A +a@6, andsoon. If light of a higher refran- 
gibility, 7. e., of shorter wave length, be used, g and q’ will be found 
nearer to p than before, because a7 will have been diminished, and 
thus, if white light be employed, the image of the source formed at ¢ 
and q’ will be impure, and will appear fringed with colour, blue at 
the inner, and red at the outer edges. 

Tf also the source of light be of sensible magnitude, the rays of 
each colour will form an infinite number of apposed images of the 
elements of its surface in and near g and gq’, composing thereby per- 
fect images which will overlay one another, and appear at each side 
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of the visible image in the plane /’ as coloured edges, as previously 
mentioned. 
We will now inves- 9 
tigate the influence of 
these images, direct and~ 2, ee 
diffracted, formed in the \ aa | 
upper focal plane of the 
objective, upon the image 
of the object formed in the 
focus of the eye lens of 
the microscope, by the aid 
of diagram (2), in which 
B indicates the place of 
the real image of the ob- 
ject. Let aand a’ be the 
direct and one of the first 
order of diffracted images 
of the source of light. 
The rays emitted from a 
and a@ will interfere at B, 
and if the distances a B 
and a’ B differ by a whole 
wave length a bright line 
will be produced ; if the 
difference be half a wave 
length darkness will re- 
sult. From centre a 
strike two arcs, one 
through &, the other 
through a point distant 
from B by a wave length. 
From a’ describe a third 
arc through the point 
within &. The crossing 
point P of the two arcs 
marks where the undula- 
tions starting from @ and 
ad are found to differ by 
a whole undulation, and i 
consequently where the 3 S iS 
first bright diffraction Diagram (2). 
line is situated. The 
sides of the small triangle whose apex is in P, though arcs of 
circles, are so short that they may be considered straight lines, and as 
this triangle is similar to the triangle a aB, we have the relation 


BP: =aB: ad; 
or BP=Badr=ad. 
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Now &a is =the conjugate focal length p’ less the principal focal 
length f, or p’—f. Referring to diagram (1), we see that 


ad orpq=sina.f. 


Since for the first diffracted pencil sin a = A = d, d being the distance 
of the strize in the object, the above formula becomes 


Pipe Ui een fis 
Xr he 
al 
or, since 
p' —f~f =the magnifying power m; 
= BP—m. d; 


?. e. the distance of the visible strie in the real image of the object 
is equal in this case to the distance of the actual diffracting elements 
of the object multiplied by the magnifying power of the objective. 

If the direct ray A is screened off, then the first of the equations 
just given becomes 


BP=Ba.r=d a", 


that is to say, since a’ a’=2 aa’, B P is halved, or striz will be seen, 
the intervals of which are half the intervals of the set seen in the 
first case. The reduction of the intervals of the visible strize may be 
carried further by screening off all the spectra of the first, second, &c., 
orders. 

It has been shown in treatises on Interference Phenomena that 
rows of dots, individually of any form whatsoever, will, if of sufficient 
minuteness, behave as if they were actual striz, both species of inter- 
cepting systems producing identically the same phenomena. It mat- 
ters not whether the dots in question consist of actual absorbing 
particles, of transparent elevations or depressions in a uniform mem- 
brane or shell, or of mere differences of refractive powers between 
adjoining portions of the same substance, the effect on the luminous 
undulations is the same in all cases of similar arrangement. All the 
markings seen on different species of diatomaceze for instance might 
have been previously drawn by a person who had never seen a diatom 
in the microscope, had the grouping and distance znter se of the spectra 
seen at the upper focal plane of the objective been communicated to 
him. The diffracting obstructions originating the known appearances 
may belong to any of the classes just enumerated, but we do not 
know, and we never shall know by mere microscopical inspection, what 
the diffractive structures really are. 

Lastly, it is easily seen that, as the visibility of minute detail de- 
pends on the diffraction spectra produced thereby, the limit of visibility 
is attamed when diffraction ceases, or, in other words, when the angle 
a becomes equal to 90° for spectra of the first order. Referring to 
diagram (1), we see that this occurs when ab=a7=X of the light 
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employed, if homogeneous; always supposing that the aperture of the 
objective used equals 180°. 

It is, furthermore, easy to show that if the incident light is as 
oblique as possible, the limit of visibility becomes = = or about 0:0002 
millimeter, approximately = one one-hundred and twenty-five thou- 
sandths of an inch. Photography enables us to advance a little further 
into the unknown along this path, but the advance thus made is com- 
paratively small. 

Finally, [have to apologise for presenting to the Academy so rough 
a paraphrase of the work done in reference to this subject by Professor 
Abbé, and by MM. Nageli, and Schwendener: my excuse is, that per- 
haps that work may thus be made known to some earlier than it 
otherwise would be. 


NOTES ADDED IN THE PRESS. 


I.—The diagrams (1) and (2) in the text are copied from Figures 
125 and 128, at pages 222 and 226 of the 2nd German edition of 
Schwendener and Nigeli’s work on the Theory and Use of the Micro- 
scope. Published by Engelman, Leipzig, 1877. 

II.—It has been pointed out to me that the incapacity of the 
direct pencil for representing minute detail should be explained in 
few words, as the explanation has been omitted by the writers men- 
tioned above. An object can give rise to a visible shadow only when 
the portions of the luminous wave which spread into the geometrical 
shadow destroy each other wholly or in part by interference, in conse- 
quence of the length of their paths differing by an uneven multiple 
of half an undulation. As the light which passes by the edges of a 
given microscopic object proceeds from the luminous source, it is in 
the same phase of undulation throughout at that passage, and conse- 
quently the secondary waves which bend into the geometrical shadow 
cannot interfere to produce a real shadow, unless the difference of the 
length of the lines imagined to be drawn from the edges of the object 
to any point of its geometric image be at least half an undulation of 
the light employed. If it is less than that quantity, the whole of 
the geometric shadow will be filled with light, and the object will be 
invisible. This applies to objects of any form or magnitude disposed 
in any manner whatsoever, and to ordinary, as well as to assisted 
vision. 
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XLII.—Nore on tHe Mereors coNNECTED WITH THE First Comet oF 
1870. By J. L. E. Dreyer, M.A. 


[Read, June 23, 1879.] 


In November, 1873, I published in the Astronomische Nachrichten, 
vol. Ixxxii. No. 1963, a note on some minor radiant points of shoot- 
ing stars which are in activity during the beginning of August, and 
which seemed to be connected with the first comet of 1870. For this 
comet I had the year before computed the orbit, based on a discussion 
of all the available observations,! and from this orbit I found the ra- 
diant point of the comet to be 
Gi Ziorolol— 4 oa, 24" 

while the comet in its descending node (which the earth passes on 
August 14) was only 0°014 distant from the ecliptic, the mean dis- 
tance of the earth from the sun being unity. 

This note has apparently not attracted the notice of the committee 
on luminous meteors of the British Association, as the radiant of the 
comet I. 1870, inthe ‘‘ Reports” for 1874, 1875, and 1878, is given 
as a = 43°°5, 6 =+ 53°, which position, as well as the date (August 
12), is unquestionably wrong.? The conclusions based on this erro- 
neous radiant point are therefore, of course, also wrong. In my note 
in the Astron. Nachr. I had only mentioned the following three actu- 
ally observed radiants of meteors as being in pretty good accordance 
with the computed radiant of comet I. 1870 :— 


August 3 a=35° §6=+44° Zezioli, No. 132 
eel 24 58 e al 
SS ORmET 55 J.Schmidt, ,, 46(A.N. 1756). 


Since then, however, the following positions of radiant points have 
been published in the “‘ Reports”’ of the British Association :— 


Aug. 10 (1868) a=33°, §=+4 59° (Forbes, ‘“‘Rep.,’’ 1874, p. 334). 


9 9-12 (1872) 33 57 (Italian obs.—see The Observatory, 
vol. ii. p. 165). 
8-11 25 59 (Lorenzoni, ‘‘ Rep.,’”’ 1876, p. 160). 
S10) | (1876) 33 56  (‘*Report,” 1876, p. 154). 
ns (1876) 31 59 (Denning, ‘“Rep.,”’ 1877, p. 176). 


The cluster x Persei (33° + 56°) is often mentioned as a radiant of 
meteors—~. e. by Mr. Clark of York (‘‘ Report” for 1877, p. 158), and 
by Mr. Denning, who finds a group of stationary meteors at 32° + 57°.3 

Whether the above radiants are all identical or not, we have here 
to do with a phenomenon entirely distinct from, though similar to, the 
great annual star-showers which bear the name of the Perseids, and 


1 Astronomische Nachrichten, Vol. xxx. No. 1910. 

2 Ina separate copy of the Report of the committee on luminous meteors for 
1878 (placed in my hands by Dr. Ball), Prof. Herschel has corrected the position to 
25°°5 + 45°, which comes nearer to the true position. 

3 “Monthly Notices,” R. A. S., xxxix. p. 407. 
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move in the same orbit as the great comet III. 1862. The orbit of the 
comet I. 1870, appeared at first very like that of the last-named comet; 
but my final determination of the orbit gave elements less like those of 
the Perseid comet. All the same, it is very interesting that the two 
comets show their meteors almost on the same days, and the aphelia 
being pretty near each other, the whole system of comets and meteors 
form one of those ‘‘ comet families,’ of which the researches of 
M. Hoek have found so many instances.* 

Subordinate radiants do not only appear in the case of the Perseids: 
there are a good many such groups of radiants known. There are two 
ways in which such neighbouring radiants may have originated: 
either a great accumulation of meteors moving in the track of a comet 
may have been disturbed by the earth at some distance from it—great 
enough to prevent the swarm from being scattered, and yet small 
enough to make it move in a new orbit;—or the attraction of the earth 
on the single meteors, which pass us closely, may make the orbit have a 
number of radiants instead of asingle one. Thecurve, which a meteor 
will describe round the earth, is a hyperbola, the asymptotes of which 
are two lines in the directions in which the meteor approaches and 
leaves the sphere of attraction of the earth. When we passthrough a 
swarm of meteors, the earth is therefore perfectly enveloped by such 
hyperbolas, along which the meteors will move in all directions, 
instead of going in parallel orbits, as they did before meeting the 
earth. Once, therefore, a certain meteor has passed close by the earth, 
it cannot, if the orbit is a closed curve, and we meet it a second time, 
appear to come from exactly the same point in the heavens—in other 
words, the radiant will be slightly different. According to Oppolzer, 
the time of revolution of the great comet of 1862 is 121 years. If, 
then, the Perseus-meteors are particles which gradually have been 
separated from the main body or nucleus of the comet by evaporation of 
the parts nearest to the sun, and by the subsequent condensation of these 
vapours into a number of small bodies, the main stream of these 
would be surrounded by a number of scattered bodies, moving in orbits 
more or less different from that of the main stream, and these straying 
meteors would, it appears, produce the phenomena of secondary radi- 
ants. 

It does not, however, seem likely that the meteors, which radiate 
from a point near x Persei, have originated in this way. As the radi- 
ant is so near that of the comet I. 1870, the elements of which 
are not a little different from those of the comet of 1862, it seems 
probable that the two meteor-showers are independent of one anotehr, 
each being composed of matter left behind by its mother-comet. But, 
besides the meteors from near x Persei, there are many other Circum- 
Perseid meteor-showers, as amply shown by Mr. Denning (Brit. Ass. 
“* Report,” 1878, p. 344); and it appears likely that at least some 
of these have arisen from the perturbations caused by the earth, as 
described above. 


4 <¢ Monthly Notices,’’ R.A.S., xxv., XXVi. 
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XLIII.—Conrrisurions To THE Stupy oF NERVE-ACTION IN CONNEXION 
WITH THE SENSE oF Taste. I.—FuNcTION oF THE TRIGEMINUS. By 
Gxrorce Sicrrson, M.D., Cu. M., F.L.S. 


[ Read, June 23, 1879.] 


Ir is a remarkable fact that, whilst the study of some of the special 
senses, such as those of sight and hearing, has made great progress, 
that of the sense of taste remains still in a very imperfect condition. 
The difficulties in the way of its elucidation are evidently consider- 
able, for we find that contradictory results have been arrived at by 
various observers of repute. Unquestionably much advance has been 
made since the physiological doctrine, as stated by Boerhaave and 
Duyerney, was in unison with popular opinion, in regarding the 
tongue as the only seat of taste. De Jussieu, disturbing that con- 
cordance, placed physiology on the true path of research when he 
pointed out that taste was still preserved after the excision of the 
tongue, and that it was present in those from whom the tongue was 
congenitally absent. These pathological facts proved, not of course 
that the tongue was devoid of this special sense, but that other parts 
within the buccal cavity possessed the power of distinguishing sapid 
impressions. When, however, it became a question of differentiating 
and localising the taste-power, the difficulties increased with the 
accumulation of facts. Hence, even at the present day, most points 
of importance in connexion with this subject should be looked upon 
as still in dispute, if we are to accept the statement embodied in the 
most recent edition of a standard physiological work. Professor 
Hermann! of Zirich, having mentioned that it is difficult to separate 
the taste-sense from simultaneously evoked odorous and tactual sen- 
sations, and to strictly localise the test-fluid, makes the following 
statement :—‘‘ The special seat of the gustatory sensibility has there- 
fore been very differently stated. Undoubtedly, the root of the 
tongue plays an important part, but it is doubtful whether it alone 
(Bidder, Wagner), or also the tip and the borders of the tongue 
" (Schirmer, Klaatsch, Stich, and Camerer), the soft palate (J. Miiller, 
Drielsma), or at least a part of it (Schirmer, Klaatsch, and Stich), 
or even the hard palate (Drielsma), are seats of gustatory sensa- 
tion.” 

The method of research by means of physiological experimentation 
on animals affords us only a limited assistance ; for, as animals cannot 
give us an intelligible expression of their sensations in this matter, 
the results obtained are often unsatisfactory, and have sometimes 
proved misleading. Undoubtedly many valuable facts have thus been 
acquired, but it seems almost impossible, by this method, to distin- 


1 Hermann, Hlements of Human Physiology, p. 458, London, 1878. 
U2 
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guish properly, for instance, between degrees of impairment in the 
taste-sensations of different sapid substances. 

Disease is the most skilful vivisector. It can stimulate to excess 
a given nerve, and enable us to observe the result; or, by paralysing it, 
disease can render the nerve wholly inactive, and thus withdraw a fac- 
tor, leaving us to determine its function by observing the consequences 
of its absence. In presence of so complex a problem as that before us, 
it is obvious that the sources of possible error of observation are many. 
Hence, unless where the attention of the observer has been specially 
directed to determining the topography of taste, it is impossible to 
accept the recorded results as satisfactory. Thus, frequently, if not 
generally, in ordinary practice the patient is allowed to withdraw the 
tongue before signifying whether or not he perceives a taste. In such 
cases, we can come to no conclusion against a localised abolition of 
the sense, inasmuch as the withdrawal of the tongue, and its subse- 
quent motion within the buccal cavity, will bring the sapid substance 
in contact with regions where the taste sensation is still preserved. 
Where precautions have not been taken, with special reference to 
such dangers, the statement of a positive result cannot be taken as 
really excluding the presence of a localised paralysis of taste—say, 
for instance, in the anterior border of the tongue. Or, if the sub- 
stance be aromatic, its presence may be recognised (ex hypothesi) by 
the olfactory sense alone, and yet the patient’s declaration that he 
tastes it may be recorded as an instance of the conservation of the 
gustatory sense. Non-attention to these sources of error has been the 
cause of the reception of many of the contradictory results which help 
to obscure the study of this subject. 

Hence, a simple enumeration of recorded results does not, of 
necessity, increase the weight of evidence, with reference to disputed 
points, unless it be manifest that the observers who recorded them 
had their attention particularly directed to the elements of the prob- 
lem. Such examples have an exceptional interest, and are of great 
utility, when employed to control and verify the results of a physio- 
logical experimentation on animals. 

With the desire of adding something to the exact study of this 
important question, I venture to submit the following observations 
which have a direct bearing upon the action of some nerves, and 
indirectly serve to elucidate the function of others. 


Te 


1. Function of Palatine Nerves.—The facts which I have observed 
relate to the soft palate. The innervation of this region is somewhat 
complex. The anatomical investigations of M. Debrou, and the phy- 
siological experiments of Dr. Volkmann, go to prove that it receives 
branches from the glosso-pharyngeus, which supplies the levatores 
palati and the azygos uvule. ‘This is a mixed nerve, and its galvani- 
zation demonstrated, by inducing contraction of these muscles, that 
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it furnished them with motor twigs. It is presumed that sentient 
fibres are sent to themucousmembrane. The circumflexus or tensores 
palati receive motor twigs from the inferior branch of the trigeminus, 
contracting when it is stimulated. Again, stimulation of the pneu- 
mogastric, a mixed nerve, induces contraction in some of the pala- 
tine muscles (Bischoff and Reid). From Meckel’s ganglion, the 
spheno-palatine (which receives its sensory supply from the superior 
maxillary, or second division of the trigeminus), some branches proceed 
to supply the hard and soft palate, tonsils, and uvula. Of these the 
anterior palatine branches are described as sensory (Robin), whilst the 
posterior are mentioned as destined for the levatores palati and azygos 
uvule. A pterygo-palatine branch supplies the mucous membrane 
of the Eustachian tube, and that of the adjacent nasal and pharyngeal 
region. The otic ganglion (Arnold’s) receiving a root from the 
inferior maxillary (said to be its motor supply), receives also in its 
long slender root (Arnold’s minor superficial petrosal nerve) a supply 
from Jacobson’s nerve which brings the glosso-pharyngeus into com- 
munication with the trigeminus. It is asserted, however, that the 
branches given off from this ganglion (which they merely pass 
through) come from the motor portion of the trigeminus; they supply, 
according to Robin, the levator palati, the internal pterygoid, and 
tensor tympani. It does not appear to me to be demonstrated that 
only motor branches are given off to the palatine region. Professor 
Hermann, having stated that the otic ganglion gives off two branches, 
one to the tensor tympani, and another to the tensor palati, remarks : 
“The physiological importance of this little centre is, however, in all 
probability, much greater than one would conclude from the fact of 
its merely giving off these two small muscular branches, as it is pro- 
bably through it that the fibres of the facial, contained in the small 
superficial petrosal nerve, make their way to the auriculo-temporal 
nerve (5th), and thence to the parotid gland, for which they are most 
probably secretory. Further, it is probable that, through the otic 
ganglion, fibres of the glosso-pharyngeal, derived from its tympanic 
branch, make their way to the facial nerve.” 

Incidentally, the importance of this ganglion, as a connecting junc- 
tion, will be illustrated by the facts of the cases which follow. In the 
first case, a patient affected by a pontine lesion had complete facialis 
paralysis on the left side of the face. On that side, however, the 
sense of hearing remained perfect, and the sense of taste was left intact 
which would not be the case if, as some have asserted, the facial 
nerve shared in it. On the right side there was paralysis of the 
inferior maxillary branch of the trigeminus. There was, consequently, 
absence of sensation in the external ear and integuments of the lower 
jaw. Thus, owing to the anesthesia and analgesia, the patient did 
not feel the razor whilst shaving, and sometimes cut his cheek with- 
out his attention being aroused by pain. There was a certain 
degree of diminution of the senses of taste and touch observed on the 
right anterior portion of the tongue, the cause of which I shall discuss 
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further on. Besides the unpleasant sensation of ‘‘ dead numbness,” as 
the patient called it, which affected the external ear, down through 
the meatus, there was marked loss of auditory power. In order that 
he should hear the tick of a watch it was necessary that it should 
be applied close to the ear. This defect came on simultaneously with 
the anesthesia of the inferior maxillary nerve, and passed away as the 
latter began to improve. The progress was different from that I ob- 
tained where the auditory nerve was itself affected. It seems impos- 
sible, therefore, not to connect these two facts in relation as cause 
and effect ; the paralysis of the inferior division of the trigeminal nerve 
inducing a degree of deafness corroborates the opinion of M. Robin, 
who states that the motor branch, derived from it, simply passes 
through the otic ganglion to supply the internal muscle of the 
malleus. 

This connexion being made clear, I pass to the second case. In 
this instance, a young patient came to me, complaining in almost 
the same terms, of deafness and unpleasant numbness in the right ear. 
It was necessary that the watch should be quite close to his ear to 
enable him to hear it ticking. Sensation was, however, intact over 
the face. On examining the throat I at once perceived a relaxation 
of the palatine muscles on the same side; and further tests showed 
that I had before me a strictly localised paralysis, affecting the nerve- 
branches which proceeded from the otic ganglion to the tympanum, 
on the one hand, and to the palate on the other. The spheno-palatine 
nerves could be excluded, for the region supplied by their anterior 
branches (described as sensory) was not affected by the paralysis, and 
there seems no probability (nor does it, indeed, matter to the question) 
that the posterior muscular branches were affected. 

This localised paralysis afforded an opportunity of studying what 
changes, if any, resulted in the palatine region supplied by the 
nerves affected. As one-half only of the soft palate was involved, 
an immediate comparison could be made, in the same individual, 
between the results of tests applied on both sides. 

It was obvious, in the first place, that motor filaments had been 
supplied, and were paralysed: but is the statement accurate that the 
nerve-supply is purely motor? That, I may say, seems at the outset 
a somewhat gratuitous assertion, considering the character of the otic 
ganglion. The pathological facts observed in the palatine region in 
consequence of this localised paralysis were the following :— 

1°. Motor paralysis of certain muscles supervened ; 

2°. There was loss of heat-sense—the patient not being able to 
detect the heat ofa warm gargle on the affected side ; 

3°. There was marked loss of the sense of touch ; 

4°. Sense of pain was very greatly diminished ; 

5°. Finally, as regards the sense of taste, the existence of which 
in the soft palate some have contested, I found that it unquestionably 
was present on the healthy side, and that it was almost, if not quite, 
abolished in the paralysed half of the palate. When test-fluids, 


- 
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which were not perceived on this side, were drawn across the mesial 
line, there was an immediate contortion of the face. 

It follows, from the foregoing facts, that the nerve-supply pro- 
ceeding from the otic ganglion is sensory as well as motor; sentient 
filaments of the fifth, and possibly loan-fibres of the glosso-pharyngeus 
accompany the motor nerves to the palatine region. 


JOE 


Function of the Lingual Nerve—The function of the lingual branch 
of the trigeminus has been a subject of dispute, especially since Pan- 
nizza of Pavia denied, in 1834, its connexion with the sense of taste, 
which he considered to be under the exclusive sovereignty of the 
glosso-pharyngeus. According to his view, the lingual was solely 
concerned with the tactual sensibility of the tongue. Magendie, five 
years later, propounded a doctrine which was the exact contradictory 
of this opinion; for he maintained that the lingual is, and is ex- 
clusively, a nerve of taste. Against this it is asserted that he must, in 
operating, have mistaken a pharyngeal branch of the pneumogastric 
for the glosso-pharyngeus, and that he, consequently, drew his con- 
clusions from faulty premisses. More trustworthy testimony against 
the contention of Pannizza is to be found in the experiments of 
J. Miiller, and especially in the later experiments of my friend Pro- 
fessor Schiff, of Geneva. The result of their researches goes to prove 
that taste is not quite abolished when the glosso-pharyngeus is 
divided, though it is greatly diminished. It is true that the animals 
operated on (dogs and cats) did not refuse to lap milk with which 
colocynth had been mingled; but, on the other hand, when pure milk 
was placed alongside of milk so prepared with a bitter, they displayed 
a distinct preference for the former. This would appear to demon- 
strate that the trigeminal nerve-supply is capable of conveying 
gustatory sensations of some kind. Hirschfeld and Valentin, how- 
ever, have supported the opinions of Pannizza on anatomical grounds. 
Various experiments have shown that, of the anterior part of the 
_ tongue, the dorsum is scarcely, if at all, susceptible of receiving taste- 
impressions, whilst the edges and point are sensitive to them. 
Hirschfeld and Valentin maintain that the difference is due to the 
anatomical fact discovered by them, namely, that an external branch 
of the glosso-pharyngeus proceeds along each margin of the tongue to 
the tip. Hence, they hold that Pannizza’s view still remains the 
correct one, asserting that the glosso-pharyngeus is the sole nerve of 
taste. Their adversaries, however, declare, on the other hand, that 
as the lingual nerve sends a recurrent branch to the base of the 
tongue, the sensibility to sapid impressions existing there, which has 
been referred altogether to the distribution of the glosso-pharyngeus, 
must be claimed for the lingual nerve. 

I may here point out that, if either of these doctrines be accepted, 
and it be granted that the sense of taste is the exclusive appanage 


262 Proceedings of the Royal Irish Academy. 


of one or other of the nerves named, a new and considerable difficulty 
would arise. Several physiologists, amongst them being Verniere, 
Admyrauld, Longet, Neumann, and Rosenthal, have made experi- 
ments with a view to localise the different kinds of sapid impressions. 
The general result, so far as the tongue itself is concerned, seems to 
be that the base is sensitive to bitter impressions, and the edges and 
point to saline, sweet, and acid savours especially.? Now, if the same 
nerve supply both regions, it is obvious that this remarkable dif- 
ference stands in need of an explanation. Of course, such a difficulty 
as this could not exist if we accept the opinion of HH. Bidder and 
Wagner that the root of the tongue alone, and not the edge and 
point also, is sensitive to taste-impressions. But whilst this view 
is in contradiction to that of most experimenters, and indeed to general 
experience, it would only displace one difficulty in order to substitute 
another; for if it be hard to conceive that the same nerve should not 
receive a bitter savour in the anterior part of the tongue whilst it 
does perceive it at the base, it is still harder to understand how it 
should receive all taste-impressions at the base, and reject them all 
in front. 

Such being the state of the question, in which almost everything 
is yet under litigation, I venture to offer for consideration the follow- 
ing facts, which, I hope, will help to elucidate the action of the 
lingual nerve. Pathology, in this instance as in others, may lend its 
assistance to experimental physiology, and, by removing a factor, 
enable us to understand, by the consequences of its absence, the func- 
tion which it fulfilled when in activity. 

The pathological facts were observed in a case which, owing to 
the peculiar nature of the lesion, was exceptionally well adapted to 
present them with clearness, and to permit of comparison and verifi- 
cation. The lesion occupying a position in the bulbar region of the 
pons varolii, complete paralysis of the facialis nerve had supervened 
on the left side of the face, whilst on the other this nerve was un- 
harmed. Here, however, on the right side, the third or inferior 
maxillary branch of the trigeminus was paralysed, with result of 
depriving the cutaneous surface of the corresponding region of its 
normal sensibility to touch and pain. 

When the condition of things in the interior of the buccal cavity 
is considered, it will be remarked that a rare opportunity was pre- 
sented of ascertaining the functions of the nerve-supply derived from 
the facialis, and the trigeminus, inasmuch as the former was elimi- 
nated as a factor from the left, and the latter from the right side of 


2 Pathology supplies facts which tend to accentuate this difference. Thus, in 
the case of a patient affected with aphonia, sweet mixtures were rejected and 
“‘could not be taken,’’ whilst bitters were readily accepted. This would appear 
to indicate that there are special fibrils for the conveyance of different sapid im- 
pressions, and that they may become subject to hyperesthesia. Numerous 
instances could be given in which intolerance of certain flavours is found to exist. 
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the tongue. Such an opportunity was desirable, because of certain 
inferences drawn from disturbances of taste observed occasionally 
in cases of hemi-facial paralysis, which would attribute gustatory 
power to the facialis. It was of considerable interest, likewise, in 
connexion with the much-debated question of the physiological func- 
tion of the chorda tympani; which I reserve for discussion to another 
occasion. 

Now, the result of the paralysis of the inferior maxillary nerve, 
and consequently of its lingual branch, was that the right anterior 
two-thirds of the tongue were distinctly less sensitive to touch and 
taste than the left. Yet as there was complete facialis paralysis on 
the left side, and as the lesion was not only intra-cranial but intra- 
pontine, there is every probability that whatever fibres the facialis 
gives to the chorda tympani were paralysed. It appears to follow 
from this, that whatever connexion the latter nerve may have with 
the sense of taste is not attributable to any filaments it may 
receive from the facialis. This goes to support the conclusion of 
Professor Schiff, who holds that the chorda tympani represents loan- 
fibres which had been previously borrowed by the facialis from the 
trigeminus. 

Another question is suggested here, namely, the relationships of 
the lingual and chorda tympani, respectively, to the senses of touch, 
pain, and taste. Lussana and Inzani, in 1869, report a case where, 
after section of the chorda tympani, in the middle ear, the anterior 
two-thirds of the tongue lost their sensibility to sapid impressions, 
whilst still sensitive to touch and pain. A complementary fact is 
found in the result of an experiment by Professor Schiff, who, on 
dividing the lingual nerve above its junction with the chorda tympani, 
observed that the anterior two-thirds of the corresponding side of the 
tongue became insensible to touch and pain, whilst some sensibility to 
taste-impressions were preserved. 

In the case to which I have referred, there was impairment alike 
of sensibility to touch and to taste. . An incident occurred which served 
to explain the reason of this double impairment, and to furnish a 
_ revelation of physiological mechanism of great interest. Owing to a 
certain want of care on his part, the patient got an attack of tonsil- 
litis; and as a consequence his tongue became ‘‘loaded,”’ covered with 
white fur. In due time, the disorder gave way to treatment, and then 
a phenomenon was remarked which I will state in the words of a note 
made at the period :— 

‘“ Novy. 24. Tongue completely loaded, white all over. 

‘Noy. 25. This morning, tongue presented nearly the same ap- 
pearance. During the course of the day, the left half became clean 
and red, whilst the right (trigeminal-paralysed) half remained loaded. 
The right half was quite loaded from tip to back, when I saw him in 
the evening, whilst the left half was quite clean. 

‘Noy. 26. Tongue has cleaned still more, but the cleaning has 
gone on, from left to right,—about a quarter of an inch has now 
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cleaned off to right of mesialline. This may be due to some inter- 
mingling of twigs of left trigeminus with twigs of right. Both being 
present, there would not be so much recuperative power there as on 
the left side, where only (the healthy) one present; yet more than 
on the right side, where the only one present was paralysed.” 

The whiteness of the right half, comparing so strangely with the 
redness of the left, continued for two or three days longer before the 
tongue became completely clean. 

From these facts, it is imperative to conclude that the cleaning of 
the tongue depends directly on the activity of the lingual branch of 
the trigeminus. Where this activity was diminished, the region sup- 
plied by the nerve remained loaded for a considerable time beyond the 
period of the removal of the fur from the adjoining region, in which the 
action of the nerve continued. This is a distinct revelation of the 
trophic influence possessed by this trigeminal branch over the mucous 
membrane, and papille, to which its filaments are distributed. We 
may infer from what precedes, that the pathological phenomenon of 
furred tongue is due, at least in a great measure, to temporary paresis 
of the lingual nerve. The fact that, in some cases, the fungiform 
papille stand out as red points over the white surface does not con- 
tradict this opinion, but rather yields it support, inasmuch as their 
nerve supply being greater than that given to the filiform papille, 
they would thus give way later. Conversely, it may be deduced from 
the preceding facts, that where the tongue is abnormally red there is 
unusual excitation of the nerve in question. 

Obviously, impairment of taste and touch is a necessary result of 
the arrest of normal trophic change over the surface of the tongue. 
When desquamation does not take place, or takes place but slowly, 
the epithelial scales which remain interpose an obstacle to the due 
conveyance of impressions ; and, whilst remaining, they may undergo 
morbid change. The loaded tongue cannot perceive sapid impressions 
well, and we have reason to presume a certain amount, or as it were 
a film, of effete matter unremoved on the surface of the tongue, when- 
ever there is paresis of the lingual nerve. Hence, we should be on 
our guard against considering (as some have done) that the impair- 
ment of taste which follows paralysis of this nerve is an absolute 
demonstration of its gustatory power. 

An objection to my statement concerning nerve-influence in con- 
nexion with the production of fur may, perhaps, be supposed to exist 
in the opinion that the fur which appears on the tongue is formed by 
external parasites. Some words on this subject are consequently 
necessary. Whilst regarding this morbid phenomenon as due mainly 
to the presence of altered or moulting epithelial cells, it is not, of 
course, denied that minute plants may be found within the buccal 
cavity. This has long been known; and it may be added that they 
appear not only on the tongue, but on the gums, and elsewhere, and 
have not been regarded as essential to the formation of the fur, of 
which Rindfleish, the distinguished histologist, remarks :—‘‘ What is 
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called ‘fur on the tongue’ is merely the result of a considerable de- 
squamation of the epithelial pavement cells which characterise the 
mucous membrane of that region.”’ 

A different view, however, has been proposed by Mr. Bultin, 
F.R.C.8., in a paper recently read before the Royal Society of Lon- 
don,?—the object of his essay being, as he states it, ‘‘to show that 
schizomycetes form the essential constituent of the fur, and to show 
as far as possible some of the laws which govern the formation of the 
fur.’ His theory may be thus summarised: ‘‘The tongue,” he says, 
‘is kept clean by free movement, and by being rubbed against the 
interior of the mouth, gums, and teeth; but fur almost always exists 
on the surface both in health and in disease. The fur is generally 
thickest in the morning before food is taken, and during illness, when 
the necessary cleansing is not properly performed.”” Observed under 
a microscope the scrapings of a furred tongue show: ‘1°. debris of 
food, and bubbles of mucus, and saliva; 2°. epithelium; 3°. masses 
which appear at first to consist of granular matter, but which are the 
gloea of certain forms of schizomycetes.’”’ These glcea, he observes, 
are so closely attached to the hair-like processes that these come away 
with them, and where they are found ‘‘the filiform papille, instead 
of exhibiting fine, clear, tapering processes, terminate in processes 
which are uneven, tuberculated or beaded, and blunted at the ends.”’ 
This alteration in appearance he considers to be ‘‘ owing to the pre- 
sence of these bodies.” 

With reference to these statements, it may be replied: 1°. that it 
has not been demonstrated that the deformation of the epithelial pro- 
cesses is not due to pathological alteration, rather than to parasitic 
growth. Such an alteration would be represented by what my dis- 
tinguished master, Professor Ranvier, has termed ‘‘la tuméfaction 
trouble des cellules.” This turbid cell-tumefaction takes place under 
like conditions. Whenever a slight irritation exists, or an abnormal 
variation of the nutritive fluid occurs in the epithelial tissues, ‘‘ the 
epithelial cells swell and become filled with an albuminous fluid, con- 
taining fine granulations.’”? This, in my opinion, would be the imme- 
diate cause of the alterations of the epithelial cells in case of furred 
tongue. On a mucous surface, so altered, it is quite conceivable that 
parasitic growth should soon form, because the ‘‘ vital’’ resistant 
power of the tissue must be considerably lessened. It may be added, 
that if the formation of fur were due, essentially, to the proliferation 
of parasites, it would be very difficult to understand its occasionally 
rapid disappearance, either without remedies, or on the exhibition of 
medicines which are not known to be parasiticidal, and are not applied 
to the tongue. It would be impossible to account for the cleaning of 
one half the tongue, whilst the other half remained loaded, in the 
case quoted, if we take the view of Mr. Bultin as correct. 


3«<QOn the Nature of Fur on the Tongue,’’ by Henry Trentham Bultin, 
F.R.C.S.—Proceedings of the Royal Society, No. 195, 1879. 
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In the second place, I do not believe we can accept the purely 
mechanical view of the cleaning of the tongue which Mr. Bultin has 
embodied in these words: ‘‘ The tongue is kept clean by free move- 
ment, and by being rubbed against the interior of the mouth, gums, 
and teeth . . . the fur is generally thickest in the morning, and dur- 
ing illness, when the necessary cleansing is not properly performed.” 
It is scarcely necessary to remark that the state of the tongue varies 
much in disease, and that even in the course of one affection, e. @., 
typhoid fever, it may alter considerably in appearance. Again, in 
some disorders, when there is no reason to suppose the tongue unduly 
active, it becomes, so to speak, abnormally clean and red. 

If the proposition laid down were correct, then we should expect 
to see the tongue furred in proportion to its inactivity. This, how- 
ever, is not so. In the case of Mr. L , that side of the tongue 
from which the fur first cleaned off was precisely the side which was 
paralysed as regards movement, and owing to the facialis paralysis, 
the cheek had fallen away, flaccid, and did not press the food into the 
cavity of the mouth, and towards the tongue, as was normally done on 
the right side, where the fur, in spite of all friction, remained per- 
sistently. Again, in cases where the tongue is more or less com- 
pletely deprived of the power of motion, by paralysis or atrophy, it 
should, if this theory held good, be thickly coated with fur. But the 
fact is that the active tongue of (say) a scarlatina patient will be heavily 
loaded, whilst the motionless tongue of a paralytic may be free, or 
at least present no abnormal appearance. In labio-glosso-laryngeal 
paralysis the tongue remains, at a certain stage, motionless, and yet, 
as I can testify, it is not necessarily loaded. In this disease, first 
described by my regretted master, Dr. Duchenne (de Boulogne) the 
debility of the tongue is accompanied by an accumulation of viscous 
saliva, as he observes, but he distinctly points out that, ‘‘ neverthe- 
less, neither redness nor any alteration whatever of the buccal or 
pharyngeal mucous membrane is to be remarked.”’* Professor Char- 
cot, in his great work on Diseases of the Nervous System, describing a 
case of glosso-laryngeal paralysis,® mentions that the patient could no 
longer make herself understood, the only sound she could produce 
being a nasal grunt: she could, indeed, protrude her tongue, and 
move it from side to side, but she could neither turn up the tip, nor 
apply its dorsal surface to the palate,—thus she could not rub it. 
Nevertheless, the tongue appeared quite normal. It is useless to 
multiply instances: enough has been said to prove that the production or 
removal of fur does not depend, to any marked extent, on the less or 
greater power of motion possessed by the tongue. 

I have already indicated that, when the nerve-action is enfeebled 
or paralysed, the vitality (so to speak) of the corresponding region is 
lowered, and the tissue then becomes less able to resist the activity of 


* Duchenne de Boulogne, De ?’ Electrisation localisée, p. 568: Paris, 1872. 
5 Charcot, Lecons sur les Maladies du Systeme Nerveux, p. 426: Paris, 1877. 
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external agents, amongst which we may enumerate parasites. This 
statement may be illustrated by the facts of another case, which was 
noted down in 1864, and was made the subject of a Paper by the late 
Professor Gubler. In this case, the symptoms of which, unfortu- 
nately, were not given with much minuteness, we find the existence 
of anesthesia of the trigeminus mentioned, as supervening upon 
another disorder. Sensibility, consequently, was impaired over the 
left side of the face. The patient having complained of dryness of 
the mouth, and disagreeable sensations there, attention was directed 
to the state of the buccal cavity. On examination it was ascertained 
that the gums and inner side of the cheek on the left side were dis- 
tinctly drier than the corresponding parts on the right. In addition, 
a very striking phenomenon was observed. On the left, that is, the 
anesthetic side, white granular patches were found disseminated over 
the posterior gums, the genial mucous membrane, and the angle of 
the upper and lower maxille. Nothing of the kind was to be dis- 
covered on the right side. On microscopic examination of scrapings 
of the white patches, epithelial cells, spores, and numerous long fila- 
ments of Oidium albicans were found.® 

This case supplies an interesting and instructive corroboration 
of certain conclusions drawn from the facts which came under my 
personal observation, and gives us some additional data for judging 
the mechanical cleansing theory. Here were two regions perfectly 
identical as regards their motor conditions, as well as with respect 
to whatever friction they might experience. From one region, how- 
ever, the influence of the trigeminus was more or less completely 
withdrawn, owing to its paralysis, and, in this region, parasitical 
growths were found to develop on the surface membrane, whilst no 
such phenomena were discoverable in the region where trigeminal 
action remained intact. 

From what precedes, it is necessary to conclude :— 

1°. That the action of the trigeminus influences, in a marked 
manner, the nutrition of the epithelial cells of the tongue and other 
parts to which its filaments are distributed. 

2°. That diminution of its action is followed by diminution of the 
desquamation process. 

3°. That, owing to this arrest of elimination of effete cells, the 
senses of Touch and Taste become impaired. 

4°, Diminished action of the trigeminus results in diminished 
power of resistance, on the part of the corresponding surface mem- 
brane, to the action of pathological alteration in its anatomical elements 
and to the invasion of external agents, such as parasitical growths. 


6 Professor Gubler’s attention having been confined to the phenomenon of dry- 
pe, he failed to discern the real cause at work. He, in fact, candidly records his 
ailure. 
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XLIV.—ContTRIBvTIoNs TO THE Stupy oF NERVE ACTION IN CONNEXION 
WITH THE SENSE OF Taste. [].—Funcrions oF THE CHoRDA TYMPANT. 
By Gzorce SicEerson, M.D., Ch. M., F.L.S. 


[Read, February 9, 1880.] 


In the preceding Paper certain facts have been demonstrated with 
respect to the functions of nerves supplying the tongue and buccal 
cavity. From these facts the following conclusions, amongst others, 
may be deduced :— 

The so-called gustatory nerve is not exclusively, if at all, a nerve 
of taste. It exercises, as | have proved, a remarkable influence over 
the epithelial cells of the tongue. When its action is annulled by 
paralysis, there is retardation or arrest in the elimination of these 
cells. Hence the conditions necessary for the proper performance of 
the function of taste are disturbed; a film of effete matter, which, in 
other circumstances, would have been shed off, now remains, and 
interposes between the sapid substance and the taste organ. In this 
manner, the acuteness of the sense of taste might become dulled or 
diminished to a considerable extent, after paralysis of the ‘“‘ gustatory” 
nerve, without that diminution going to prove that this nerve is in 
truth a nerve of taste. Even if we supposed it to be merely a trophic 
nerve (which I by no means affirm), there would necessarily be some 
loss of taste, if paralysis prevented the accomplishment of its trophic 
work. 

The continuance of the power of tasting in the anterior portion of 
the tongue after paralysis, and even after section of the gustatory or 
lingual nerve, compels us to regard the chorda tympani as the 
principal nerve of taste in this region. The question of its action is 
involved in considerable obscurity, and it can scarcely be said that 
its constitution has yet been definitely demonstrated. Bérard declared 
that the chorda tympani was an enigma propounded to the sagacity of 
physiologists. Recently Béclard has pointed out that, ‘“ whilst many 
suppositions have been made concerning the role of this singular 
nerve, it must be confessed that more than one obscurity remains to 
be cleared up in connexion with it.’ 

Again, whilst some physiologists consider that it obtains its taste- 
filaments from the facialis (thus making the latter to be a nerve of 
taste), others maintain that the fibres so obtained were previously 
borrowed by the facialis from the glosso-pharyngeus or the trigemi- 
nus. Against the first-mentioned opinion I adduced the fact that, in 
a case of absolute facialis-paralysis of one side, arising from pontine 


1 Béclard, Traité de Physiologie. Paris, 6® édition, p. 1016. 
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lesion, taste was not abolished, nor noticeably diminished in the corre- 
sponding region of the tongue, as would have necessarily happened if 
the facialis had furnished taste-filaments. 

Bellingeri was, it would seem, the first to attribute an active role, 
in the function of taste, to the chorda tympani. His opinion has been 
confirmed by the experiments of Moos, who has pointed out that, in 
eases in which compression of the chorda tympani was caused by 
certain operations in the ear, transient loss of taste supervened. In 
the case of a patient from whom one half of the inferior maxilla had 
been removed, together with the chorda tympani and the facialis at 
its exit from the stylo-mastoid foramen, the gustatory nerve being 
preserved, the sense of touch persisted on the corresponding anterior 
region of the tongue, but the sense of taste had disappeared. This 
experiment, however, did not differentiate the function of the chorda 
tympani from that of the facialis. When the chorda tympani is 
divided, in animals, it is found that the sense of taste is obscured, 
whilst the sense of touch remains. 

The abstraction of a factor, though it may suffice to solve some 
problems, is not capable of supplying satisfactory answers to the com- 
plex questions which we have to deal with in this instance. In order 
to understand the properties of the nerve in question with some 
degree of completeness, it is not enough to observe what takes place 
when its action is annulled, by whatever cause; we must also endea- 
vour to distinguish what phenomena happen when the nerve is 
stimulated to action. Now, this experiment may be performed on 
animals; but as animals cannot intelligibly express the gradations of 
perception obtained through a special sense-organ, the result must of 
necessity be unsatisfactory—more especially as it yet remains to be 
shown that their perceptions of sapid impressions are in perfect unison 
with those of man. Hence, with respect to the case in point, it is 
requisite to experiment on man. 

The agent of excitation which I found most useful was volta- 
faradaic electricity, following, in this respect, the example of my late 
distinguished master, Dr. Duchenne (de Boulogne). Having, there- 

fore, employed faradisation in such a manner as to stimulate the 
’ chorda tympani, on at least two hundred occasions, I may, I trust, 
consider that the opportunities of observation have been sufficiently 
frequent to reduce the risk of error to a minimum. One of the rheo- 
phores was placed, immersed in water, in the external meatus; the 
other was usually applied in the immediate vicinity. The time occu- 
pied by each experiment varied from five to twenty minutes; the 
action of both currents was tested separately ; the number of inter- 
ruptions was varied, and different degrees of intensity, from the 
feeblest to the strongest that could be borne, were employed. 

Finally, in order to clear up some points, and to determine more 
accurately, if possible, the several phenomena produced, I considered 
it necessary to personally undergo the experimentation. 

The results of these various experiments may be summarised as 
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follows: Some of them, I may mention, are confirmatory of those 
mentioned by Dr. Duchenne (de Boulogne), whilst others are addi- 
tional, and pertain solely to my own observation. 

The functions of the chorda tympani, then, as far as can be 
determined by the results of faradaic stimulation of that nerve on its 
passage in the ear, may be described as follows :— 

1°. The sensation of a peculiar taste is produced, which can only 
be described as ‘‘ metallic,” to use the term employed by Dr. Duchenne. 
This taste is not always perceived immediately on excitation of the 
nerve ; occasionally, repeated stimulation is necessary before this sen- 
sation is experienced. Some persons, on the contrary, notice it early 
and constantly, even with a moderate intensity of excitation. Thus 
different degrees of stimulation are required to cause its production in 
different individuals. 

2°. A sensation of astringency is occasionally experienced. This 
has been perceived several times by persons on whom I have experi- 
mented. When experimenting on myself I observed the same sensa- 
tion, and recognised that it was due to a peculiar thrill caused by the 
stimulated nerve. 

This fact has not hitherto been described. 

3°. A sensation of dryness and roughness over the corresponding 
region of the tongue is frequently noticed. Here I have to confirm 
the observation of Dr. Duchenne, with this addition, that I believe we 
may attribute the production of this roughness on the tongue to the 
same mechanism which, on similar stimulation, produce roughness on 
the cutaneous surface (commonly known as ‘‘goose-skin’’). I found 
that the power of setting this mechanism at work was lost to a 
surface-region affected by paralysis of the ulnar nerve. Here, 
especially in the outer portion of the hand, the skin was smooth and 
somewhat parchment-like. 

4°. A sensation of prickling and numbness, as where a nerve of 
general sensibility is excited, is a usual consequence of the stimula- 
tion. Dr. Duchenne has remarked it. In my experience I have ob- 
served that this sensation, although generally affecting the anterior 
two-thirds of the tongue on the same side with the operation, may, 
nevertheless, vary in extent and position within certain limits. Some- 
times, for instance, but a small area may be first affected, and a 
gradual enlargement of area may go on until the entire of the corre- 
sponding region be included. In most cases, this may require only a 
few minutes; but, in some, repeated stimulations may be necessary. 
In one case I observed that, whilst on one side the anterior two-thirds: 
were affected by this sensation, on the other only a circumscribed 
region (say, the middle third on that side) was affected: the area 
increased, under the influence of repeated stimulations, but never 
quite advanced to the tip of the tongue. Lastly, in another instance, 
the result of the stimulation was invariably to produce, amongst other 
things, a tickling irritation in the throat, which was followed by a 
short dry cough. 

Can we explain the diversities of effect described by supposing a 
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certain diversity in the distribution of the terminal nerve-fila- 
ments ? 

5°. Stimulation of the chorda tympani, when sufficiently strong, 
causes a flow of saliva into the buccal cavity from the sub-maxillary 
glands. This phenomena is in conformity with the discovery of 
Claude Bernard, that section of the chorda determines cessation of 
secretion in this gland—a discovery which demonstrated the existence 
of a filament of communication with the sub-maxillary gland, which 
Cruveilhier had disputed. Dr. Duchenne (de Boulogne) has stated 
that he did not notice this salivation until his attention had been 
called to Claude Bernard’s experiment, and even then but rarely. 
For myself, I have frequently observed the occurrence of this phe- 
nomenon (which is not, however, constant). This was due, in part, I 
have no doubt, to the fact that I found it possible to use more 
stimulant power than he was in the habit of employing. 

6°. Finally, I have ascertained that excitation of the chorda 
tympani is occasionally represented by motion in the region of the 
tongue supplied by the nerve operated on. Care was, of course, taken to 
exclude all sources of error from involuntary movements of the 
tongue. This phenomenon was not discovered by Dr. Duchenne (de 
Boulogne), owing, doubtless, to the slight intensity of the current he 
employed in such cases; nor has it been noticed in experiments on 
animals. However, after having carefully studied the production of 
slight tremulation in the case of others (and sometimes a certain 
alteration of shape in the tongue), under the influence of strong 
stimulation of the nerve in question, I controlled and verified the 
results by experiments on myself. Consequently, I believe, it may be 
accepted as a fact, that stimulation of the chorda tympani causes not 
only sensations of taste, astringency, dryness, roughness, prickling, 
to be produced, as likewise salivation, but that it also causes the 
production of a certain feeble motion—in other words, that it is 
not only a nerve of special and general sensibility, and of secre- 
tion, but also that it possesses some few feeble motor filaments, which 
may, in fact, be derived from the facialis, from which it obtains no 
, taste-filaments. 
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XLV.—Tue Apprication oF Spectrum ANALYSIS TO THE ESTIMATION 
or Bine 1N THE RENAL SECRETION OF PATIENTS SUFFERING FROM 
Jaunpice. By F. J. B. Quintan, M.D., Untv. Dust., Fettow or 
Tur King AND QuEEN’s CoLLeGE oF PHYSICIANS, AND PHysIcIAN TO 
Sr. Vincent’s Hospirat. 


[Read, January 26, 1880.] 


For some time past efforts have been made by physicians and physiolo- 
gists to introduce into their respective branches tests and measures of 
precision, in lieu of the vague and approximate observations of the 
unaided senses; and this movement has led to excellent results. The 
action of the heart is now recorded graphically by the sphygmograph ; 
respiration is similarly delineated; the rapidity of the circulation is 
exactly measured ; and albumen or diabetic sugar (existing as ab- 
normal constituents of the urine) are expeditiously and accurately 
estimated by the Jellett saccharimeter—which is by far the best of this 
class of instruments. I am permitted by the kindness of your Council 
to submit to your consideration what appears to me to be a contribu- 
tion to this movement in the form of a simple and effectual test for 
detecting the presence of bile (or, at least, its colouring matter) in the 
urine of patients suffering from jaundice; and of approximately esti- 
mating its increase or decrease (according as the patient gets better or 
worse) in the same individual. I say ‘‘ approximately in the same 
individual,”’ for the bile is not a secretion of definite strength. About 
two! pounds of it are secreted daily in an ordinary healthy person; but 
its quality varies, not only in different persons, but in the same person 
at different times. For this reason we cannot establish an absolutely 
quantitative formula; but we are certainly able to watch the increase 
or decrease of the colouring matter in the urine of the same jaundiced 
patient. The qualitative tests at present most employed in medical 
practice are those of Gmelin and of Pettenkoffer; but neither are 
perfectly reliable. In Gmelin’s test a drop of nitric acid is let fall 
on a thin layer of the suspected urine, which has been allowed to fow 
upon a white plate; and if bile be present an iridescence is produced, 
beginning with green, and running into blue, violet, red, and yellow; 
but this will also occur in the presence of the indigo* forming matter 
occasionally found in the urine as a concomitant of carcinomatous disease 
and diseases of mal-nutrition. In Pettenkoffer’s method a peculiar 
violet brown colour is developed by the action of sulphuric acid and 
cane sugar upon urine containing bile; but even here there are sources 
of error in connexion with the presence of albumen, turpentine, or 


1 Burdon Saunderson, 1879. 

2 This used to be supposed to be identical with the vegetable indigo principle 
Indican; but Hoppe Seyler has shown that it is rather different. It is derived 
from Indol [CgH;N], and its formula is CsHsN SO, K. The defect in Gmelin’s 
test has been described by Carter, and more recently by W. G. Smith. 
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certain essential oils. It will thus be seen that a simple and reliable 
test of the colouring matter of bile is a desideratum ; and the one I 
propose is founded on the fact that this colouring matter possesses a 
power of selective absorption of the solar spectrum, commencing with 
the violet, and extending (according to the quantity present) nearly 
as far as Frauenhofer line D. Further, that this colouring matter 
does not produce any absorptive bands, nor interfere with the red end 
of the spectrum. After many trials I found that this test is best em- 
ployed by placing in front of the slit a stratum of fluid of 3m. in thick- 
ness; a thinner one has not sufficient absorptive power, and a thicker 
is not so delicate—a very deep stratum (even though the solution be 
weak as regards bile) produces a coarse obscuration not suitable for the 
test. So many skilled observers are now employed in every branch of 
medical research, especially in Germany, that it is not impossible that 
this test may have been already described by somebody else. I do not, 
however, see any mention of it in Neubauer and Vogel on the Urine, 
or in Frerichs on the Liver; and the exhaustive and admirable work 
on Physical Diagnosis of Guttmann of Berlin, just issued by the Syden- 
ham Society, is equally silent. I first observed it some years ago 
when examining jaundiced urine with asmall spectroscope, exhibiting 
two conterminous and independent spectra lighted from different 
sources; and I found the test so useful for clinical teaching purposes, 
that I procured a larger instrument specially adapted for its develop- 
ment. In fact, with a Jellett saccharimeter and this instrument a 
clinical teacher is able to test most delicately for albumen, diabetic 
sugar or bile, and to estimate the two former exactly, and the latter 
approximately—and all this with much less trouble and less loss of time 
than in the ordinary coarse clinical procedures. Returning to the 
bile test, I wish to mention that it is not my intention on the present 
occasion to discuss its medical value—a subject more congenial to a 
purely medical society. For the present I will assume that it is im- 
portant to the physician to be able to detect bile in the urine in jaun- 
diced patients, and to watch its increase or decrease; and, having 
made this assumption, will describe the details of the test, and respect- 
, fully invite the opinion of this eminent scientific body on its strictly 
scientific aspect. The instrument is a single prism one, the telescope 
of which is furnished with a fine needle! in the eye-piece, and revolves 
(with a coarse and fine adjustment) on a segment of the ordinary 
degree circle—the collimating tube having before the slit a means of 
holding a thin, flat glass test-tube of 2mm. in thickness.. Minutes as 
well as degrees can be read off by the aid of an ordinary vernier. I 
place this instrument on my laboratory bench, in front of a window, 
in such a manner that, while the needle is resting on some definite 
Frauenhofer line, as far back in the violet as possible, the zero of 
the vernier may point exactly to somedegree. In the present instance 


2 This needle was first suggested by Professor O’ Reilly, M.R.I.A.. of the College 
of Science, Dublin; and is, in my opinion, superior to any of the usual means of 
spectrum measurement. 

x 2 
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the degree pitched upon was 51°, and the Frauenhofer a well-known 
line between F and G, which I designate (little) g. Having now 
either fixed the instrument permanently to the bench, or else very 
accurately marked out its position, a permanent working constant is 
established; for when the instrument is in its exact place, and the 
zero rests on the selected degree, the observer may be sure (even 
when working by artificial light) that the needle points to the 
position corresponding to g. Should the observer be working in a 
strange place, and without sunlight, there is a bright potassum line 
on the violet side of g, which will give an equally good constant, and 
may even be made by a previous observation to determine g. The 
total range of the spectrum of my testing instrument from g in the violet 
to B in the red is 38° 38’; of which average human bile absorbs 2° 23’, 
leaving 1° 15’ (ora small fraction more than one-third) of the spectrum 
unaffected. In human bile the golden red colouring matter, known 
as Bilirubin C,,H,,N.0; predominates ; but in that of the ox and sheep 
the green Biliverdin [C,,H,)N.0;, or according to Maly C,,HisN20, | 
is in the ascendant, sheep bile being the greener of the two. It is 
therefore interesting to find that the absorptive co-efficients of these 
biles exhibit corresponding differences—that of the ox absorbing 2° 18’, 
and that of the sheep 2° 7’, as compared with the 2° 23’ of human 
bile. I now proceeded to examine the effect of aqueous solutions of 
bile of gradually increasing strength ; and for this purpose, on account 
of the difficulty of obtaining perfectly fresh human bile in quantity, 
used fresh ox bile. The weakest solution which produced any per- 
fectly definitive effect on my instrument was 5 per cent.; which was 
of a very pale straw-colour, and exhibited an absorption of 6’. Sub- 
mitting solutions of gradually increasing strength and colour, I found 
that there was an increase of about 8’ for every 5 per cent. of bile up 
to 75 per cent., when the solution scarcely differed in appearance or 
opacity from pure bile, and produced an absorption of only 20’ less 
than that of the pure secretion (2° 13’). The shadow thus produced 
was of an olive greenish black, greener than that of blood (which I 
shall presently describe) ; different from any other shadow that I am 
acquainted with; and, in my experience, pathognomonic of the colouring 
matter of bile. And I may add that, in many instances, the daily 
observations of the increase or decrease of bile colouring matter, so 
made, has been most useful for diagnostic purposes. The cardinal 
point, however, connected with this test is, that bile, from its weakest 
solution up to absolute purity, does not exhibit any separate absorp- 
tive bands or touch the red end of the spectrum; and the importance 
of this point I will presently explain. ' 

To establish the value of the test, however, it is essential to inquire 
whether any of the normal or abnormal constituents of the urine, ex- 
cept bile, possesses this special absorptive power. I have searched 
long and carefully into this question, but with a negative result. 
Commencing with the colloids, albumen has no effect upon the spec- 
trum, nor have pus or mucus. Blood is frequently found, as a 
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haemorrhagic product, in the urine; and its spectrum requires atten- 
tion and comparison. Arterial blood, in the thin layer of solution, 
absorbs a small portion of the violet end, and venous blood still more ; 
but in arterial blood we find the two well-known oxyhaemoglobin 
absorptive lines between D and E, and in venous blood the equally 
well-known single dark absorption line of reduced haemoglobin 
nearer the red. Blood, moreover, has a very slight but distinct ab- 
sorptive power in the red end. Bile, as I have mentioned before, only 
absorbs the violet end, has no separate absorption lines, and does not 
in the least affect the red. The microscopical and chemical detection 
of blood is easy; but, even with the spectroscope alone, there is no 
difficulty in this differentiation ; and I have again and again detected 
the blood lines (either arterial or venous) in instances where blood 
became accidentally mixed with the bile in the process of removal. 
The bile absorption (in solutions of equal strength) overlaps the blood 
(violet) absorption ; and there is no difficulty in detecting both blood 
and bile in the same specimen ; for accuracy, however, pure solutions of 
either are preferable. Diabetic sugar or the crystalloids have no effect 
whatever on the solar spectrum. 

It is now believed by physiologists that the source of the colouring 
matter of the bile is the disintegration of the red corpuscles which 
takes place in the spleen. This belief is principally founded on the 
fact that the injection of haemoglobin into the blood-vessels of a living 
animal causes a great effusion of bile colouring matter into the urine, 
and increases the quantity of Bilirubin in the bile. It appears to me 
that the fact of haemoglobin, in addition to its characteristic absorp- 
tive bands, absorbing the violet end of the spectrum like bile, is confir- 
matory of the present physiological view as to the nature of bile 
colouring matter. 

Nothing could be more unlike the yolk of an egg, rich in proteids, 
than the bile, which contains none; and yet it has always appeared 
to me that there was a certain similarity between the golden-coloured 
bile and the golden yellow colouring matter of the yolk; and I have 
long thought both were derived from disintegrated haemoglobin. 
On applying my test to the yolk, emulsified with three times its 
own quantity of water, I find it has an absorption nearly identical 
with that of bile. The yolk, so treated, absorbs 2° 5’ of the violet 
end of the spectrum, and without absorption bands. Here we have 
an interesting chain of reasoning. We cannot synthetically make 
Bilirubin, but we can do so indirectly by injecting haemoglobin into 
the blood of a living animal, and thus produce a haemoglobin deriva- 
tive, which will absorb the violet. Does it not seem possible that the 
colouring matter of the yolk is a similar haemoglobin derivative ? 

I make this suggestion, however, in a purely tentative spirit, and 
without in the least expressing ‘an opinion as to its accuracy or other- 
wise. In this communication I wish to confine myself strictly to my 
a test. The conclusions which appear derivable from it are as 

OLLOW :— 
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1. That an easy and reliable qualitative test of the presence of the 
colouring matter of bile in the urine is afforded by placing a 38mm. 
stratum of the suspected fluid before the slit of the spectroscope, and 
observing whether the special absorption, which I have described, 
takes place. 

2. That no other normal or abnormal constituent of the urine 
affords this special absorption. 

3. That to so examine such suspected urine, by the bedside of the 
patient, with one of the small but effectual spectroscopes, which are 
now so constructed as to be easily carried in the waistcoat pocket, is a 
procedure as quick and easy as Gmelin’s test, and quicker and easier 
than Pettenkoffer’s. I believe it to be more reliable than either. 

4. That the daily increase or decrease of the absorption (in the 
same individual) is capable of approximately indicating the increase 
or decrease of the biliary colouring matter in the urine; and, pro tanto, 
the extent of the excretion of bile through that channel. 

5. That this test affords an additional proof of the present physio- 
logical opinion, that biliary colouring matter is a haemoglobin disinte- 
gration derivative. 


Demonstrations of the various spectra described were given. 


NOTE ADDED IN THE PRESS. 


Since the reading of this Paper Dr. Charles A. MacMunn’s new 
work, ‘‘The Spectroscope in Medicine,’ has come to hand. This 
volume abounds in original research, and contains information of the 
most valuable and practical kind; it does not, however, describe this 
particular test for bile. 

At the suggestion of Dr. G. Sigerson, M.R.I.A., the author has 
tried whether the acidity or alkalinity of the icteric urine altered its 
peculiar absorptive power; and he finds that it does not. 
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XLVI.—EXPEerIMENTS MADE TO DETERMINE THE ‘‘ DraG’’! or AIR UPON 
Arr anp or Water upon Warer at Low Vetocirizs. By the Rev. 
SamurL Haveuton, M.D., D.C.L., and J. Emerson Reynoxps, 
M.D. 


[Read, February 23, 1880. ] 


A spHerticaL ball of granite, unpolished, was suspended by a pianoforte 
wire, and allowed to hang freely ; from the brass collar by which the 
ball was suspended an index projected on each side, the pointed ends 
of the indices traversing a graduated horizontal circle, whose centre 
corresponded with the line of suspension. The suspended ball was 
immersed in water contained in an iron tub. 

The weight of the granite ball was 22452°85 grams, and its mean 
diameter was 251°46 millimeters. The length of the wire of suspen- 
sion was 610°8 centimeters, and its diameter was 0°889 millimeter. 
The diameter of the iron tub was 2ft. 4in., and the depth of water 
contained in it was 1 ft. 9 in. 

The method of observation was as follows: the indices of the ball 
having arrived at the zero of rest, the ball was then displaced by a 
torsional movement of the wire, and allowed to regain its position of 
rest by a succession of vibrations of diminishing amplitudes. 

The quantities observed were, the time of vibration and the rate of 
diminution of the amplitude. 

The equations of motion of the apparatus are thus found :— 


X=0; ; (1) 


dt? 


where x = the varying amplitude of any point of the surface of the 
ball measured from the zero of rest ; 


X = the tangential forces of torsion and “‘ drag”’ acting at the 
point «. 


If we assume that for low velocities the friction will be proportional 
to the velocity, we shall have 


X= ke-fS; (2) 


where & is a coefficient depending on torsion, and f is a coefficient 
depending on “ drag.” 


_ | By the term ‘‘Drag,’’ I understand the combined effects of Friction and 
Viscocity. 
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It is easy to see that the complete integral of the equation of 
motion, 


GE Vda es 
qa tJ pt Ot (3) 
must be of the form 
2 = ae™ cos nt + be™ sin nt, (4) 


where a and 0 are arbitrary constants, and where m and have the 
values 


Uys 


(5) 


vane 
n= Jk = ye 


If we reckon the time from the commencement of the oscillation, 
equation (4) reduces to 


2 = ae™ cos nt. (6) 


If 7 denote the time of a complete double oscillation, we find from 
the above 
nega 
SOA (7) 
where 
é,, = amplitude of the (x + 1)” vibration ; 
6, = amplitude of the first vibration. 


From (7) we obtain the following working equation, for use in 
the calculations to determine the coefficient of friction :— 


2 6, \ 
aT log. (3 (8) 
Also, we have, 


from which we obtain, after some reductions, 


Ar 


= Tie Fe i 


If we introduce into this equation the value of f determined by (8), 
we obtain £, which depends on the torsion only. 
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T = 1°51 Minore. 
Details of Experiments on Air. 
1. 28th May, 1879 :— 


n = vibrations, @ = amplitude 
Hour. number of of 
complete. whole arc. 

9 A.M. 00°:0 130°:0 
OR. 39 °8 99 -0 
1S 79 °5 68 -0 
Noon, 119 2 56 °5 

1 P.M. 159 :0 43 °5 


From these data I find— 


inrstehour,.s i ye ey a) fe 16626 
WOwhOULs, 3 Goh. Soe Ay OS, ca 8S » 0064 
Three. ,, BE EN Ba re RS Sa ene OAS 
Hour ,, 2 ORE PR res eS a Go90 
1 
M eal rhs lao ec ep aap ee 
ean of all, a a17 
2. 30th May, 1879 :— 
Hour. n ) 
0 00°:0 92°-00 
1 39 °8 68 -70 
2 79 °5 50 -20 
3 1S) O73 38 90 
4 159 -0 30 -50 
5 198 -7 22 -00 
6 238 °4 16 -85 
7 278 -2 12-75 


From these data I find— 


Onephour 69 5 oy eI IOTO 
iwophours, ") “Ay ee 5 902 
Three ,, an Ste ust FUR EE es  O2ZS 
Hour’ 5, Cale Rae me eee », 65382 
Rivero ,, See EN aN Cv) et eee a O299 
Siaie,, SA pasa Cee es 37 19 OUO 
Seven ,, Eek eee Le », 6884 
1 
Mean of all, i Ga50; 
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3. 31st May, 1879 :— 


Mean of all, 


Hour. 2 6 
0 00°-0 92°°75 
1 39 °8 68 25 
2 79 °5 49 -50 
3 119 -2 37 750 
4 159 -0 26 -75 
5 198 °7 21 -00 
From these data I find— 
One hour, . f= = 5885 
Two hours, », O142 
Three ,, » 9970 
Four’ ;, Pie md oe) 
Five ,, oy tt OOGR 
Mean of all ve z 
‘ ~ 5893" 
4. 18th June, 1879 :— 
Hour. 7d (7) 
0 00°-0 100°:00 
1 39 -8 71-75 
2 79 °5 54 °50 
3 119 -2 39 °40 
4 159 :0 31 -25 
From these data I find— 
One hour, . f= = 54387 
Two hours, », 0940 
Three ,, 5, 9804 
Hour) ,, », 6200 
1 
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3. 14th June, 1879 :— 


Hour. n t) 
h. m. ea 
0:00 00°-0 100°-00 
1:00 39 °8 74 °25 
2°30 99 °3 47 25 
3°30 139 -0 35 °50 
4-30 179 -0 26 -00 
From these data I find— 
One hour, . sar ee f= 1 = 6062 
Two and a-half hours, . 600m 
Three __,, 3 OUST 
Four LS Me ay (OPA 
1 
M f ul — SS = 5 
ean of all, if a0a6 
6. 16th June, 1879 :— 
Hour n 6 
h. m. 
0-00 00°:0 100°-00 
1:00 39 °8 73 °75 
2:00 79 °5 55 -00 
3:00 119 -2 39 -00 
4:00 159 -0 29 -00 
4°30 179 0 25 -00 
From these data I find— 
One hour, . f= 1 + 5928 
Two hours, » 6081 
Three ,, » O74] 
Four ,, Ce hme Ih 5, 0826 
Four and a-half hours, . » 9856 
1 
Mean of all, = ——. 
ir ea = sa76 
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I have no doubt, from the close agreement of the results of each 
day’s experiments, that the differences observed from day to day are 
real, and depend upon the varying temperature and pressure of the 
atmosphere: but, as my present object is only to find a general mean 
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value for the ‘‘drag” of air upon air, I shall take the average of all 
six days, which give us— 


1 

n 
1 s28thvMay 1879, ../fle . 4... saosin 
Sasdthan ss 4: 1°. Rae a Cai oS oo 
SUSish ee yy tw Mite oe ee aS eos 
4. 18th June, ,, PAS Sec Sara ME Nee cs KCI 
BRL At ns): 5, tle ye wees te 8 OCA 
GuMGEh ye. 5g ee chee ee CAG 

M f all i 

ean ofall, . . . - - + f= Goan: 


T = 1°56 Mrinvre.! 
Details of Experiments on Vartry Water. 


1. 3rd July, 1879.—Observed by Dr. Reynolds, using single 
readings of one index :— 


7 7) Combination. 


SIH 


110°-00 
95 -00 
81 -00 
69 -00 
58-50 
50 -50 
42-50 (0, 6) 
36 -50 
31 -00 
26 -25 
22-50 
19 -00 


16 -00 (0, 12) 


295°6 


eel 
BSPooeMmrs Da ARPWNK OS 


ry 
bo 


291-6 


Mean i. 2) a f= 


1 Some alterations (of a slight kind) had been made in the mode of suspension of 
the ball, after the trials in air. 
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2. 2nd July, 1879.—Observed by Dr. Reynolds, using single 
readings of one index :— 


7 t) Combination. zt 
if 
0 98°-00 
1 85 -00 
2 72, -50 
3 62, -50 
4 53 -50 
5 46 -00 (0, 5) sues 
309°7 
6 40 -00 
7 34 -00 
8 29 -00 
9 25 +25 
10 21 -25 (0, 10) al 
306-5 
ul 18 -00 
12 16 -00 
1B 13 -00 
14 11-50 
1 
15 10 -60 (0, 15) Sct 
16 8 -00 
Wiican ites we. iiea tc) fishies fy 2 
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3. 7th July, 1879.—Observed by Dr. Macalister and self, using 
single readings of one index :-— 


| 


7 | 6 Combination. 


SiH 


101°°25 
87 -50 


41°25 (0, 6) = 


omratr ® ARWNH SO 
HO 
[o’e) 
~I 
On 


318-9 


Meany. 55 03 3 3 Ky ie 


4. 8th July, 1879.—Observed by Dr. Macalister and self, using 
double readings with both indices :— 


nu 7) | Combination. x 
St 
0 102°°125 
i 87 °875 (O57) ST 
2 75-375 (0, 2) 308°5 
3 64 °750 (0, 3) | 308°5 
4 56 -000 (0, 4) | 311°9 
5 47 °875 (0, 5) 309°2 
© 41 -625 (0, 6) 813-2 
ef, 35 °750 (0, 7) 312°5 
8 30 °750 (0, 8) 3123 
9 26 °375 (0, 9) 311°5 
10 22 750 (0, 10) 312°0 
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The mean of the three observations with single readings is, 


1 
1 305-88" 
and the mean of all the observations made with amplitude 6,, nearly 
100°, is 
1 


aoe 1 
= 308°50° 


5. 9th July, 1879.—Observed by Dr. Macalister and self, using 
double readings with both indices :— 


it t) | Combination. as 

| J 
0 346°-500 (0, 15) 307-0 
1 298 -000 (0, 1) 310-7 
2 253 250 (0, 2) 298-9 
3 missed — _ 
4 186 -500 (0, 4) 302°5 
5 158 -670 (0, 5) 299-7 
6 136 -870 (0, 6) 302°3 
7 116 -750 (0, 7) 301-5 
8 100 -620 (8, 13) 306-7 
9 86 +250 (5, 9) 307-4 
10 74 -250 (5, 10) 308-7 
11 63 °750 (5, 11) 308°3 
12 54 *500 (0, 12) 304°0 
13 46 *875 (0, 13) 304°5 
14 40 °375 (10, 14) 307°7 
15 35 125 (10, 15) 313-0 
Mean, . . . =805'53 + 07:1 (mean probable error). 


1 T counted the fourth observation with double readings, equal in yalue to the 
mean of the three observations with single readings. 
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6. 9th July, 1879.—Observed by Dr. Macalister and self, using 
double readings with both indices :— 


2 () Combination. es 
i 
0 346°-750 (0, 16) 306°3 
1 295 °875 (0, 15) 306-9 
2 254 -375 (0, 14) 308-5 
3 217 500 (0, 11) 307°3 
4 187 °625 (0, 4) 305-1 
5 160 -625 (0, 5) 304-4 
6 137 °375 (0, 6) 303°6 
7 118 -500 (0, 7) 305-4 
8 102 -500 (0, 8) 307°5 
9 88 -000 (5, 9) 311°5 
10 75 -750 (5, 10) 311-7 
11 64-825 (5, 11) 309°8 
12 55 250 (0, 12) 306-1 
13 48 -125 (0, 13) 308-4 
14 41 375 (10, 14) 309-9 
15 35 -125 (10, 15) 304-8 
16 30 -000 (10, 16) 304-2 
Mean, . . . . 807:14 + 0-41 (mean probable error). 


The mean of this and the preceding Table is 


1 
Ix 306°335 


for amplitudes ranging up to 360°. The mean value of f, from all the 


experiments, is as follows :— 


1 e 

Re 
Mean value of 1, 2, 3, 4, 308°50 
Mean value of i 305°53 
Mean value of 6, 3807-14 
Mean of all, 307°057 


From the preceding value of f# we can determine the relation 
between the slope of a water-surface and its velocity. We have, for 
the equation of motion of the surface, 


dx 


ax bate! 
qp 79 ini -fas (10) 
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where g denotes the force of gravity, 7 the slope of the surface, and 
z the distance of any particle from the origin measured in the direc- 
tion of the motion. If » denote the velocity of a particle, equa- 
tion (10) becomes at once 


ct fe=9 sin 2; (11) 


which gives, by integration, 


ef(g sin @ — fv) = const. (12) 


This indicates that the velocity will increase from zero up to the 
value given by 


g sin 2 — fv = 0, (13) 


after which it will remain constant for ever. 
The final constant velocity given by equation (13) is 


g sin? 


ae 32:2 x 807:057 sin @. (14) 


Vv 


If we express the velocity in feet per second, and call / the slope 
per mile, we find 


v = 1°8726 x Aft. per second ; (15) 


which is equivalent to 
v = 30°642 h miles per day. (16) 


Dr. Carpenter has proposed to explain the phenomena of ocean 
circulation by the greater height of the water at the equator as com- 
pared with that at the poles. 

If we call the distance from the equator to the pole 6000 miles, 
and suppose the velocity of the surface current towards the pole to be 
only one mile per day, we find from equation (16), that this would 
require a head of water at the equator 


h = 195-80 feet. 
No such difference of level can be admitted between the equili- 


brium levels of the equatorial and polar oceans. 
R. I. A. PROC., SER, II., VOL. I1I,—SCIENCE. xe 
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The latest accurate estimate of the difference is that made by 
Mr. Croll, viz., 43 feet. 

This head of water, if it could produce an oceanic flow at all, 
would be one at the rate of one mile in 42°567 days; or a flow that 
would occupy 700 years to pass from the equator to the poles. 
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XLVII.—Maruematicat Notes. By A. H. Aneziy. 


[ Read, January 12, 1880. ] 


ABSTRACT. 
ils 
IF ay, a, a3, ... a, be roots of the equation 
TED es Cie et Pa bom ata OsleiGir ge ee os ete Daas 


then 
h, = f—r1- hy-1 T 2. h,-2 + ps - hy -s Fee eT Pm leper (n > m), 


where h, is the sum of the homogeneous products of 01, a2, 03 . . » Gp 
of n dimensions. 


The proof of this may be briefly indicated thus :— 
We have 


atin — Op. Cae. 1 mo (Fi Oy) (Li — Op), 0. (Bi Oy,)- 


Writing : for «, mzltiplying off by 2”, and finally equating co- 
efficients of 2” in both members of the equation, we shall find that 


hy, a pr -hn-1 om po Nn—2 Rae (en ON Soe PO olin = 0; 
or, 


hy, = Dr lyr + Pz Myo aly pz -Iy—s a3) 6.0 ar Doaslimsnes 


The particular case of a quadratic equation is then noticed. If 
’ a, B be roots of x? = px +q, we have 


h, — phn ats 7 -ln=25 


where hf, is the sum of the homogeneous products of a, B of x 
dimensions. From this it is deduced that 


ip (2n —2)(2n—-3) 


Fon = p+ (2n—-1).p-*.¢ To ee erie 
(2n —3)(2n - 4)(2n —5) 2n-6 73 (n+1).n 2 n-1 n 
+ Tone by OU eae oes prop ee OUP ear 
et se GAP (1) 
R. I. A. PROC., SER. II., VOL. III.—SCIENCE. Z 
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and that 
hy Ac [gr + In Oe Ag , CA Viens2) jp 3 Va 
a ca 1 ; 
(2n—2)(2n-—38)(Qn-4) , (n+2)(n+1).2 aw 
| on i Seeeeacommerpe 3° 
+(n+1). 99" 2) eee) 


each of which series consists of 2+ 1 terms. 
Conversely, the sums of the series (1) and (2) are known; for 


they are, respectively, f., and hyn,.1, 1.€., 
(a Qn+1 — Bp) = sei (a 1g B), 
(a2 Bee Aa 8). 


Finally, 4, is expressed under another form, viz. :— 


i 
Pi phi, og Pp gas pene ee pT GF Shy ee. 


and 


a Gi . Tin op ; 
which may be expressed symbolically thus :— 


= (p+ay. [A] 


JU 
If a” = ia + p2.% gr-2 + p3.% an 3 pepe. + Ding to express 
x” (n>m) in form 
Pree OP ae + OP, seme ee 


A particular case is first considered. If vt = pa? + qe? +rxeis, 
to express 2” in the form 


Pe + Qe? + Ra + 8. 
We may briefly indicate the solution thus :-— 


Multiplying both sides of equation zt = pa*+qa?+re+s by 2, and 
arranging the terms, we shall find 


= h,.@ + (Qht+r)e + (rh +s)e + sh. 
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Repeating this process, we shall find by the application of (1)— 
= hs.v°+ (qhe+rh+s).2@ 4+ (rhe+sh).£+8.ho, 

where fh, is the sum of the homogeneous products of roots of 
a = px +ga’+ru+s of n dimensions. 

Finally, it is shown by the process of Mathematical Induction, 
and the repeated application of (1), that 

a” = Ing 8? + (Ghn_g + Phys + 8 hy—5) 2? 
° (r « lo AS) < hin=s) oR oF Be lane 
The general case is established in a similar way— 
Zep ea Lume Te Das aie Tre oe vetE A a 


Multiplying both sides of this equation by 2, and arranging the 
terms, we shall find 


gmtl — he emi aL (po hy + ps) yn? as ahs eae (Pn-1 sti +Pm) 2 
+ Dm ° hy. 
Repeating this process, we shall find by the application of (1), 
gint2 = lhe 5 i (po he + pz hy + ps) en ETS eu 
ar (Dna . Io + Pm . hy) 2 + Pun ° hy. 


Finally, it is shown by the process of Mathematical Induction, 
and the repeated application of (I), that— 


lige pa" + a +. s EP, then 
a” (nm >m) = ey . Gye ats (po ° Dig + 3 ° Ween + ° [PS ciateii= 
-2 
° + Dm lee) 5 Hat 


oy (ps ° igen + ° [perne tees + Dm ° hin—2m+s) ° Det, 


cigiel olentelie =r (Dn-1 . Wes, + Dn ° heen) 7% + Pm . Wiss ns 
where h, is the sum of the homogeneous products of roots of 
a” = pp « gm-l + po yn? de 3g + Ding 


of ” dimensions. 
7, 9 
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EXPLANATION. 


By the ‘‘sum of the homogeneous products of o,, a2, ... a, of 

‘m dimensions” is meant the sum of all the products, each of x 

dimensions, that can be formed of a, a, ... a, and their powers. 
It is the coefficient of x” in the development of 


1 1 1 


ES TS oA Tp ae" 


i.e., in the development of 
(L+aet+oa’s?+...)(Lt+a¢tora?+...)...(L+an,¢+ 0,70? +...) 


We notice that it includes the powers of a, o2, . . . a», and it is 
often expressed more fully thus :— 


‘The sum of the homogeneous products of a, a, ... a», and 
their powers, all of 2 dimensions.” 


The number of homogeneous products of 7 dimensions that can be 


formed out of o, a, ...a, and their powers is found in the usual 
way by putting m, a, ... a, each = 1, and is é 
|m+n—1 


|m—1j\n ; 
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XLVIITI.—On vue Sarevcrire or a Line meetine a Cusic. By 
Wittram R. Roperts, M.A. 


[Read, April 12, 1880.] 


Bezrore entering on the discussion of the equation of the satellite and 
that of the tangent at the three points in which a given line meets a 
cubic, it will be found convenient to premise the following theorem :— 


Given the equations of two curves of the p” and g” order, respec- 
tively, 
(1). @@ys) = 
2). y(eys) 


to form symmetric functions of the pq values which simultaneously 
satisfy the two equations. Eliminating x yz between (1) and (2), 
and the equation of an arbitrary line Jz + my + zn = 0, we obtain an 
equation of the yg” degree in 7 m n, which may be written 


0, 
0, 


AN (GN, A) en oe Bn ee S107 Lena Ae m/e UN TEN CAGD 


then we shall have— 


Yale nant) = (Sada, LD aloo Chen 
EA INO = 16503 Y be Xz.» « Lyg 5 
&e., &e. 


Having found these fundamental symmetric functions, the formation 
of others presents no difficulty. 

Let Z = 0 be the equation of the tangents at the points where 
TL = dhx+ py + ve meets the cubic VU = 2 +y3+2°+ 6mxyz, then 
we must have— 


T= Uh hee 


where & is the condition that Z should touch U and M= Na+ p'y+v's 
is the satellite of Z. For, when Z touches U, 7 must reduce to the 
product Z’ MU multiplied by a numerical factor ZX. 

The polar conic S of any point z’y’z’ on 7, U, and ZF, all pass 
through a common point. Hence the eliminant of S, Z, and U, 
equated to zero, will express that 2’y’z' lies on 7. Or, 


T= (P+ 8 + 23 + 6.x, yy2,) (a? + yo? + 202 + Ci . Lp Yo) ; 


Bi Yi%, L2Y2% being values common to S and Z. It will be sufficient 


294 Proceedings of the Royal Irish Academy. 


for our purpose to calculate the coefficient of z’* in 7. Forming the 
equation A(S,Z), and putting y’ = 2’= 0, we find— 


Lyte = —Imhpvz', 

Wie is Px, 

2) 821 = Ace 
Yie_+ AY, = —2(uvt+ md) 2’, 
ZyU_ + 22% = WhrApz’, 
LBYot pit = WdAvz2'. 


The coefficient of z’* is found to be— 
po + v® — (24+ 82m?) pPv? — 18m r? pV’? 
— 24m? Apr (AP + pP + v*) — 8mF AE 
— 16m? d? (uw? + v?). 
Now, 
S = At ph st v® — (24 82m) (My 4+ pr? + v3A3) 
— 24m Apr (AP + pe + v*) — (24m + 48m*) 2p? v?. 
Substracting the above quantity from =, we find— 
ENN = (1+ 8m)? { At- 20 (uw? + v*) — 6m pv"). 


Hence, 
K = (1 + 8m’), 


No = M— 2 (pi + v7) — 6m pr’, 
poo = pt — Qu (A384 v*) — 6m v7 A?, 
vo = vt — Qy (p+ A>) — 6m A? pW. 


The form of these co-ordinates at once suggests the following 
theorem :— 


The satellite of a given line, meeting a system of cubics passing 
through the inflexions of U, passes through a fixed point. 
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XLIX.—Own tue Directions or Marin Lines oF JoInTING OBSERVABLE 
In THE Rocks asour THE Bay oF DuBLIN, AND THEIR RELATIONS 
WitH ApyaceNtT Coast Lines. By J. P. O’Rerrry, C.E., Professor 
of Mining and Mineralogy, Royal College of Science, Ireland. 


[Read, February 23, 1880.] 


Wuen submitting to the Academy, in January, 1879, a memoir upon 
the correlations of lines of direction on the Earth’s surface (vide 
Transactions, vol. xxvi., p. 617), I expressed the hope of being able to 
bring forward a series of observations in support of the theory therein. 
involved, to be taken, in the first place, from the three kingdoms, the 
Geology of which has been so thoroughly worked out in most of its 
details. 

During the last two summers I made a series of determinations of 
directions of main lines of jointing, on the north and south sides of 
the Bay of Dublin, which I have the honour of submitting to the 
Academy, with a summary of the consequences which I think are 
fairly deducible therefrom, and which go in support of the general 
theory of correlation already referred to. 

I have in the first place simply detailed the measurements and 
observations made, and have then grouped the directions of jointing 
into series, showing their relations one with the other and with the 
coast lines. 

Commencing at Blackrock, the most northerly outcrop of the 
Dalkey or Wicklow granites, there occur on the shore, just beside 
the railway station, patches of granite which extend out in small 
promontories in a N.E. direction. 

One patch of this rock occurs close under the Blackrock station, 
and forms there part of the sea wall. It presents the constitution of 
a well-marked granitic Breccia! which has not, that I am aware of, 
any representative in or about the Dublin coast. It evidently re- 
presents the consequences of a fracture having taken place in the 
immediate vicinity, and is in all probability related to the cause which 
determined the northern limit of the Dalkey granites. This is to a 
certain extent indicated by the direction? of the jointing observed in 
this granite :-— 


Blackrock :— 
1. General direction in a rough joint, . A ; 5 ANE 67° W. 
2. Cross jointing, . Fe 13° E. 
8. Jointing in rocks at ladies? bathing-plac, under Idrone- 
terrace, p : : bk 67° W. 
4. Another jointing i in the same place, : é ; See 67° W. 


' See ‘‘ Notice of some Rotaneaple Appearances of the Granite to the South of 
Dublin,”’ by the Rey. H. Lloyd, F.T.C.D., M.R.I.A., Proc. Geol. Soc.: Dublin, 
Noy. 10, 1833. 

2 The directions in this Table are magnetic. The magnetic variations being, for 
the date of the observations, about 22° W. 
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People’s Park, Blackrock :— 


Joint in granite about 100 sends west of ret uP 


to Rock-road, : Nm- 
Jointing further west, . - : . c on eae 
General direction of j ointing, : : d zt ae 
Seapoint :— 


To the west of the Martello Tower and opposite the 
Terrace, repeated vertical jointing in the prente, - 

Joint at corner beside the Tower, . : Pee a 

Martello Tower, joint at, . A 5 : hor. 


Salthill :— 


At stairs between Martello Tower and Salthill 
Station, well-marked joint parallel to Railway,. _,, 


About 45 "yards north of the stairs, a eae 
Jointing just beside bathing place ‘at Salthill, BP ng 
»,  turther to the north at this point, .- Pua) 


Kingstown :— 


Victoria Baths, Eurite jointing at, : : Sahai: 
under old Battery, 5 : TODEe 
120 yards east of old Battery, . i : ss ghelt 


9 2) 99 3 . , 3 99 


Near St. Alban’ s, shore of Scotchman’s Bay, well- 
marked jointing, . at 


>) 29 7 bP] 


100 yards east of St. Alban’s, ‘ ‘ ‘ arte 


Scotchman’s Bay :— 


Between St. Alban’s and Sandycove, at about 160 


yards east of St. Alban’s, jointing, . . = 

93 99 33 29 99 ? bie) 

39 2? 9) 99 3 39 3? 
Sandycove :— 

Just north of Battery, . ! , 5 ; Bea AS 


3? 22 2? a : > ° be 2 9 


To the east of the Battery, vertical and repeated, ie 


Under Martello Tower, j OS 

About 100 yards east from Tower, : : eae 
MONS 00 

About 300 yards west of Bullock Harbour, well- 
defined gaping joint, : 39 


Bullock Harbour :— 


North-east corner, three well-marked joints, . ©. ERs 
BS bp well-marked joint, . 3 

7 a north of last, a well- marked joint, - 

rr another, . C on 


At end of yard, to east of coal- -yard and next it, 
great open jomt, 2™- broad and 3™: at mouth; 
slight dip east, : : : 3 4 lanes 


53° E. 
44° K. 
48°—50° E. 


44° K. 
12°-13° W. 
20°-23° W. 


50° 30’ W. 
68° W. 
48°50? W. 
47°-49° W. 


86° W. 
14° E. 
32° 30' E. 
62° 30’ W. 
11°-12° E. 


15° E. 
39° E. 
11° B. 


60° W. 
64° W. 
16° 30’ W. 


28 W. 
57 E. 
46 EK. 
3a W. 
24 K. 
61° 380° W. 
65° W. 


44 EB. 


38°—39° E. 
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Kingstown Quarry at Victoria Baths :— 
Victoria Baths, quarry opposite to, two lodes or 


dykes well marked, at north-west corner, . 5) NEES 67° W. 
Joimt in same place, . : : : : Ss i Olie—OOmINY!s 
4 35 ig, tl aU an Pietra Sata ILENE Ss, ANNES NZO2 SE 
bb) be) 99 t Pt Y " - i 29 63 W. 
At south-east corner, well-marked face, 19™: long, ,, 38°-39° W. 
Jointing here, . : : : : : . 5, 41°-42° EK. 
5 » meast side, . : : : a) Pay polig= Soe bys 
‘i a4 x Ben AA hn) MIRC OE Ooas GOLAN 
i Ss a RTE Sn) (NNN AS lace: 
Bullock Quarry :— 
Joint on north side, . : ‘ : : - 4, 4£8°+49° W. 
4 south side, . : s : : 5 ign | OS OE Mie 
NORM ND Re ARN Alt 49° W. 
At east end, Eurite vein, . 4 heal Oeilirs 
5 >, Quartz vein, 16 inches WwW ide, ; Se aS naa Om IN 
Dalkey :— 
Old quarry at Trafalgar-row, jointing in, . ney ee 38° W. 
42° W. 


9) 2? >) 29 * 9 


Sorronto Terrace :— 
Under Dr. M‘Donnell’s house, Quartz and Eurite 


bands in rocks along south side of Terrace, SUR 28° 45’ W. 

” ” ” ” ” ” : 55 18°-20° W.: 

29 7 9 ” ” ” 9 45° 30’ E. 
Dalkey :— 


Tunnelat Khyber Pass, jointatsouthsideof Railway, ,, 28°-26° W. 
at about 10™: west of this, . ,,  25°-26° W. 


39 99 


Killiney :— 
On shore, at about 250 vane east of Dr. M‘Donnell’s 
house, . aun 25° W. 
Repeated jointing, Able : : F at ARS 28° W. 
oy a sabes ‘ : Age es 87° E. 
Very repeated cross jointing here, ; : esta 31° 45’ E. 
Long Rock :— 
Bathing place, oercmely well-marked jointing and 
dyke, : : F : : ; see 27° 30’ W. 
” ” ” be ” ” 29° 30’ W. 
Cross jomting, . A : : ; : ate Oe 34° K. 
Torquay Hill :— 
Several parallel joints, well marked,  . ; 5 3 28° 30’ W. 
Cross jointing repeated, 2 Ba ss 33° KE. 
Ridge, 200 yards east of Old Telegraph, 5 enn SSW 
Killiney Hill :— 
In depression to east of old Telegraph, 5 32° 30’ W. 
Between old Telegraph Hilland Obelisk, well-marked 
Hurite vein in, : ie 33° W. 
Another, . : : : , : : cay Fase 25° W. 


18° W. 


3) - . . . . . - . ” 
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Killiney Hill—continued. 


74. Depression between old Telegraph Hill and Obelisk 

Hill, general direction, . . Nu: 
70. On road at Killiney House, contact of eranite and 

mica schist, . 5 
76. 40 yards west of entrance to Killiney Castle, great 


Kurite dyke, vertical and much banded, 


Killiney Park :— 


Cue Contact of granite and slate rock, fault (the direction 
of the contact line runs out between the two 
Sugar-loaves), . 


78. Joint cutting off the banded granite 0 or gneiss to 

the east, a 
We Contact of evanite and slate rock at western end 

in park, . 5 
80. Contact direction taken on a line 4™ from face of 

joint and parallel to it, about 30 yards long, a 
81. Eurite vein on west side of Park, apparent direction, _,, 
82. as ,, to the west, near the new Quarries, i 
83. Band of Euritic granite here, . > 
84. Face of granite joint, well marked, as if of bedding 

(dip south at 62°), ; : de 
85. Eurite band here, 


Dalkey Island :— 


86. East of Boat Harbour, repeated vertical jointing, 5 
87. sh AS A great Eurite vein, vertical, 

0™-50—0™:80 thick, . 

88. Sy 35 Bs joint further east, 5 

89. 99 99 2? set of joints, 23 

90. 99 29 oe) 9 +) be = Xs 2? 
91. 5 a oe big joimt looking towards 

Bailey Light-house, se tae 

92. On east side, north-east point, joint, * 
93. Near easternmost point, two joints at an interval 

Gr BES % 
94. North-east point, opposite Muglins, set of quartz 

joints, : Bi 

95. 55 5 », Hurite vein with felspar crystals, Re 

96. », vertical joint at same point, a5 
97. Near rocking stone in little inlet, Eurite vein 0™-50 

thick, ver tical, : : . ee 

98. »,  Hurite vein close by, ie 

998 J ointing ‘par. allel to south-east coast line, . AA 
100. Just under Battery, Eurite vein, 1™ thick (a series 

of these extending to the south-west shore line)}.e ee 

101. Between Martello Tower and Battery, es a 

102. Under Martello Tower, jointing, : 55 

103. i 

104. Near south corner of enclosed field, 


105. North corner 


be) ”? oh) 2 ‘ > 


8°—10° E. 
46° EK. 
24° K. 


39° BE. 
47°-50° EK. 
42° Kt. 


39°—40° H. 
26° W. 
26° W. 
A MWY = 


25° W. 
54° W. 


UO? Ac 


67° W 
67° W. 
26°-28° E. 
28°-30° E. 


38°—40° E. 
43° E. 


42°—43° B. 


7°-8° W. 
23°-24° W. 
7°-7° 30’ W. 


22° 30’ W. 
28°-30° W. 
37°-38° E 


18°-19° W. 
30° E. 
48°-49° BK. 
16°-17° E 
58° K. 
51° BE. 
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106. 


107. 
108. 


109. 


110. 
111. 
112. 


113. 


114. 
115. 


116. 
(ie 
118. 
UT): 
120. 


121. 
122. 
123. 
124. 
125. 


126. 
127. 
128. 


Dalkey Railway :— 


Between the two bridges, east of Sandycove Station, 
on north side, vertical jointing, 
At bridge, 100 yards west of Glenageary Church, . 
3 on north side of line, 
well-marked joint, with sight dip to south, . 
East of bridge, at Glenageary Church, repeated 
jointing, slight dip to east, 


2? 2? bp) 99 2 


” ” aed) EDD yak BEANE) 
40 yards east of bridge, vertical jointing, | 


Dalkey :— 


Entrance to old Quarries, Dalkey, north-west side, 
great face of “rock, : 
ap south-east side, great face of rock, 
aS south-west side, Ae ea s 


Dalkey Quarries :— 


Kast side of eastern quarry, vertical face, : 
of 55 3 another, vertical face, 
Ee general ‘direction, 
Eastern quarry, ’ south-eastcorner ,great-vertical face, 
20 yards from south-west corner, 
vertical joint, with quartz vein, 
vertical cross jointing, apparently, 
west side, south end, great face, 
HA an A towards middle _,, 
3 at north-west end, face, 
cross jointing, at south end, rough 
and broken, 
Middle lower Quarry, north- cast side, vertical face, 
outer op on eround, 
south-east side, great ‘vertical 
face, 
south-west side, creat central 
rib, under old Telegraph, . 
Eurite vein, on continuation 
of this, . 4 E 


2? 2? 9? 2? 2? 


bh) 2? 


”? ” ” O 
west side, jomt near Eurite 
vein, dip east, . 
westside, Eurite vein, dip east, 
joint more to west, with 
same dip, : 
great Kurite vein, 0™ 30 
thick, dip west, 
cross jointing, 
great vertical face, 
north- -west point, Eurite vein, 
Upper Quarry, great Eurite vein, 0™:25 thick, under 
old Telegraph, . : 3 
another in same place, . 
great Eurite vein, 2™°50 thick, dip- 
ping east, running approximately 
in direction of Blackrock P. Church, 


27 29 2? 9? bi) 2? 


7°-8° W. 
18°-23° W. 


23° W. 


39° E. 
36° K. 
42° K. 
48° W. 


20°—22° KB. 
2°—3° EB. 
7-8 W. 


10°-12° W. 
21° W. 
18° W. 
18° W. 


18°-19° W. 
58°-59° KH. 
12°-13° W. 
11°-12° W. 
Oo: We 


54°—55° E. 
21°-22° W. 
21° W. 
12°-13° W. 
18° W. 
17°-18° W. 


21°-22° W. 
17°-18° W. 


17°-18° W. 
26°-27° W. 


26°-27° W. 


13° 30’-14° W. 


28° 30’ W. 
30° W. 
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Dalkey Quarries—continued. 
144, Upper Quarry, 6—7 yards west, great dyke of 


feldspathic porphyry, suas 44° W. 
145. bs 5 quartzite vem, |. é NBs 18° W. 
146. », 10 yards west of this joint, aes PAO WY 
147. Lower west Quarry, north-west point, joint, ea hes 13° E. 
Carrickmines :— 
148. Joint in granite, 400 wae south of Station, in 
furze field, : : Ae Ae 2° Wee 
The Dingle :— 
149. Jointing of rock in, on east side, 3 5 Na 
150. On west side, beside cottage, cross jointing, . »,  63°-64° W. 
Carrickmines :— 
151. Lode, north of smoke stack, : ; : oi ead 57° W. 
Scalp :— 
152. In wood, on east side, jointing in slate rock, chit ane 4° WwW. 
153. Jointing in granite face, on east side, .- ‘ Be is 4 W. s 
Howth :— 
154. Balscaddan Bay, quartz vein in highly altered slate 
rocks, 220 yards east of bathing- 
place, . As 29° K. 
155. eS 5, south side of detached rock called 
“The Stag,”’ . : >,  84°-85° W. 
156. Puck’s Rocks, well-marked joint in, ca 6° E. 
157. 3s 5» apparent dyke in more easterly rock, »,  46°-47° E. 
158. i »,  joimtnearthis, . : Sines 16° BE. 
159. > cross jointing, , re 59° W. 
160. Kitestown, joint in slate rock, in recess near private 
house, . ¥5 5°—6° W. 
161. Dung Hill (second hill from west, on west side, op- 
posite plantation), apparent jointing 
on west side with quar and Eurite ; 
jointing, . mp 14° EK. 
162. a3 5, on top of hill, in a mass of Euritic-look- 
ing rock jointing, : 2 : és 4° W. 
163. 2? 3) 2? be) er) 39 Y 29 ae We 
164. 99 39 be) 99 af 29 & os) z 29 N=: 
165. ae », north-west extremity of, iron ore lode 
well marked (corresponds with direc- 
tion of top of Ireland’s Eye and west 
slope of Lambay Island), : »,  40°—44° BK. 
166. Red Rock, near cottage, in entrance of a well-marked 
depression, 250 yards west of Candle- 
house, well marked face of jointing, ,, 69°—-70° W 
167. > 9)  ¢Yoss jointing, apparently, . é 6 aa 4°_5° E. 
168. >») +o the east of this, in dell, jomting, .  ,, 37° E 
169. »> >, this boss of altered slate rock traversed 
by well-marked vertical joints, . sp QR STS SARS 
170. 9° 29, be) 99 99 Jobe rd 2? 12° E. 
il 7/fale At Carrickbrack House, at bend of road, joint, . ,, 74-76° E 
172. a 5  eross jointing, A 8°—10° W. 
173. a >  well- inarked jointing here 
dip to east, “ Boy oes 19e 


_iaialaeccual 
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174. 


Howth—continued. 


ouenoresn Hills, mass of rock facing plantation, 
vertical jointing, in Euritic- 
looking rock, with much quartz 
and red oxyde of iron, 

on top of rock, quartz veins, 
nearly vertical, Euritic-look- 
ing mass, : 

Cromlech Dell, jointing running across dell, 

another system of joints, 

cliff side in dell, c 

jointing, cutting off north-west 
point of Muck “Rock (passes over 
summit of Ireland’s eh and 
Lambay), . 


be) 9? 
3? >) 


bi) 9? 


Sutton, Dolomites at Sutton quay, life- eee seaanl 
well-marked vertical joimting, 
5s ay se at another point, 
on surface of Dolomite, 
cross jointing, 
another system of, 


93 


> 9 bh) be) 


99 be) 39 * é be 
The Dolomite cut off and abutting against 
decomposed quartzites, 50-60 yards 
west of Coast-guard Station. 
Coast-guard Station, jointing in slate rock, 
under flag-staff of, : 
little promontory east of Coast-g1 guard Station 
(near Bottle Quay), the “slate much 
broken and jointed vertically, : 
quartz veining, very frequent here, cuts pre- 
viously mentioned joint nearly vertically, 
vertical joint cutting these, not very marked, 
to the east of last-mentioned point, well- 
marked, frequent and vertical je, 2 
further east, 
250° yards west of Martello Tower, great 
joint in slate rock filled with quartz veins, 
indistinct in the true slates, . 
about 100 yards west of Martello Tower, 
well-marked quartzose veins in the slate, 
dipping at a high angle north-east, 
frequent and vertical jointing, cutting all 
these green slates, 
Martello Tower, mass of quartzite, on which 
the tower built, much fissured, west side, 
9 3? bP) ” 9? 29 
South side, Martello Tower, on east side, 12 ond 
from it, well- marked vertical jointing, : 
cross jointing, well marked 
and vertical, . 
cross jointing, well marked, 
(forms the little creek just under Tower), . 
60 yards east of tower cave, joint, : 
150-180 yards east of Tower, immense 
jointing, giving risetoacaye, . i 


9 ? 2? 


Nm: 


5° W. 


67°-68° K. 


72°—73° W 
37° E. 
23°—24° K. 


37°—38° E. 
36°-37° E 


41°-42° E. 
38°—39° E. 


60° E. 


70°-73° W. 
33° E. 


39° BK. 
28° W. 
°—35° W. 


24° K. 
aE 


SigaWe 
§2°-85° W. 


90° E. 


4°_5° W. 
43° E. 
38°-39° E. 
15°—18° E. 


50° W. 


30l 
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219. 


219bis, 


220. 
221. 


222. 
228. 


Howth—continued. 
South side, 300-400 yards east of Tower, sae 


vertical jointing, 

99 29 99 0 
Bs vertical jointing, 
cutting shore here less distinctly marked, 


120 yards east of Tower, joint apparently 
a fault with cave, 

450 yards east of Tower, vertical jointing 
in red rock, well marked, : é 

», jointing, 
500 yards east of Tower, jointing, . : 
cave joint on "fault, 

oreat joint further east, 1™: wide in places, 
having caused fall of surface rocks, distant 
from previous joint about 20-25 yards, 

about 524 yards east of Tower, cross joint- 
ing, dipping east, 

a series of great joints occur here at short 
intervals, 

another system of jointing, well marked, 
dipping east, 

east of Drumleck Point, Little Boat Har- 
bour, frequent and w ell-marked vertical 
jointing, : 

near the Boat Harbour, to the east, occurs 
a great open joint, cut down to low water, 
5 feet broad at bottom, formed by pre- 
vious jointing with another, . 

about 250 yards east from’ boat- house, 
jointing in a mass of quartzite, 

29 99 

vertical quartz veins ‘in, 

about 400 yards east from boat- house, fre- 
quent and vertical jointing, indenting 
the coast line, . 

250 yards south-west from Tansey House, 
frequent vertical jointing here, 

about 80 to 100 yards east from this point, 
great fault dislocating the ground, dip 
east at 75°—80°, i 5 5 : 

crossed by jointing, (accompanied by a 
band of decomposed trap rock), . 

“*Sheep-hole’’ cave and little inlet, the 
cave apparently on a greenstone dyke, 
dipping east, 

creek to east of “ ‘Sheep- -hole, ”” vertical 
lode or joint on west side of, 0™:50 at 
ground surface, 

west side of Drumleck ‘Point, at about 
50-60 yards east of previous point, well- 
marked jointing, dipping east, at angle 
of 60°—70°, 

vertical jointing in “quartzite, ‘to the east 
of this point, : : . ° 

jointing in this quartzite, 5 A 

cross jointing, frequent and vertical, ° 
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Nm- 


3°—4° W. 
2°—3° W. 


21° E. 
23° K. 


28° W. 
8° E. 
29° K. 
38° W. 
27°—28° KH. 
28° H. 
88° E. 
26°-28° E. 
43° E. 


16° E. 


3° W. 
20. E. 
18° E. 

§2°-85° E. 

3° W. 

21° E. 


38°—39° E. 
3°—5° W. 


36°-38° E. 


35°-38° E. 


39° E. 


11° ER. 
17°-18° E. 
°-8° W. 
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Howth—continued. 


South side, east of bathing-place, at point called the 
‘¢ Worn-hole,’’ vertical quartz veins, 
very distinct with parallel ones, 

99 opposite dwelling-house, joint dipping east, 

about 350 to 400 yards east of bathing- 
place, great vertical joint, 3 feet broad 
im an apparently altered a greatly 
weathered, 

Drumleck Point, east of great fissure in | greenstone 
rock, . 

op cross jointing, 

Bay, west side of, vertical joint, 

“Broad Strand, ”” immense face of jointing 
on east side of bay, extending from oe 
to bottom of cliff, 

hy ‘*Tion’s Head,’’ little promontory near 
the Bailey Light, : 


9) 


Ireland’s Eye :— 


Fault in slate rock, towards south-east point, 
At south-east point, in black mica slates (Thulla 
Rocks), 
On south-east side, just south of first creek, in slate 
rocks, jointing in, . 
The west side of first creek and east side of the 
detached rock called ‘‘ The Stag,”’ 
North of Rowan’s Rocks, in little creek on east side, 
cross jointing at the entrance, 
Jointing running across the mouth of same, nearly 
vertical, 
East side, apparent contact of quartzite with dark 
shales (Samphire Hole), ; a é 
In Samphire Hole, . : : : : 2 
Incaye, . 
North-east point, “well-marked vertical jointing in 
quartzite under “‘Stags,”’ 
3 vertical joint frequent “and well marked, 
Hae parallel to axis of gut between 
ce tags 9? z 
Middle of Island, to the north, jointing in boss of 
white quartzite, : 
300 yards east of Martello Tower, well-marked 
vertical joint, with slight dip to west in 
quartzite, . 
* 55 well-marked cross jointing, 
running towards Tower, 
a well-marked jointing, running towards 
Skerries, 
Apparent contact face of quartzites with altered 
shales, 100 yards north of St. Nessan’s 
Church, ; - ; 


Howth :— 


Centre of Hill, jointing in slate rock, much broken 
and weathered, . 4 2 


9 +B) ” e919. ” ” 
xe trench opened on jointing, . 


23°-24° E. 
7-8 W. 


33°—34° W. 
5° W. 
67°—68° W. 
47°—48° W. 
°—5° W. 
39° E. 


87°—88° E. 
13°—14° E. 
43°—44° W. 
36°-37° E. 
73°-74° W 
3-5 W. 
68°-70° W. 
50°--60° W. 
50°-56° W. 
75°-76° W. 


3°—5° W. 
84°-85° W. 


53° E. 
32°-33° W. 
26°-27° W 


dite We 


ae. 
69° E. 
38°-40° E. 
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The foregoing observations having been grouped relatively to 
direction, the mean true direction corresponding to each group having 
been taken, and a classification according to frequency of occurrence of 
each direction haying been made, there resulted the following Table :— 


JOINTS AND Lives oF DIRECTION GROUPED AND REDUCED To TRUE 


BEARINGS. 
EASTERLY. WESTERLY. 
Relative z | Relative | s 
Bae Direction. Number Total. | Bank | Direction. Namiber Total. 
Frequency. | Frequency. | : 
| i 
tf] IS SH 1s 2G | | 20: | 1° 54° We 5 
| | od | Fro , 
11 64875 coe 15 5° 26’ ,, 6 
9 ye Dl 1 
12 10° 19’ ,, Peet | ez : 
21 14 opie 5 
oS 92° | 9 
meee LO: 28 aot 28 31 21° 40’ ,, 3 
| | 
Agee 21°20" 13 2 :[+ 9 25°V5 27 ee alo 
5 | 99° 11" 2 
29 | 95° 50", 3 5 | 29 il’, 12 
| n22) plje 84° conte 
25 ° 99’ 
25 30° 08’ ,, 4 és 39° ST’ ., - 
SM 35° 86" st rila 6 lees 43° 51’, 14 
| | 
=o 9’ 
a 4s 30°, | 4 10 Aq? done 10 
| irs KO 1GH 11 
2 | se 08,, | 4 | | 9 seo | 5 
Bomm 612 307 2 Gilead BT. |» 65° dba ema 
| } } | | 
9 Fnho , 1 
19 | (Pe ie ae dens | lescrserh. alas Seabees d 
16 pil) hori oeloaeeeen imme 
° } =e} 9 
32 | 81° 45” ,, 2 leven s4° 55° é 
30 | 85° 10’ ,, 3 | 92 || 7 gg° 45’, | 12 | 152 


Ranging the more important of those directions, relatively to their 
frequency of occurrence, we have the following series :— 


1 16° 23’ E. 26 occurrences. 7 89° 46’ W. | 12 occurrences. 
2 25° 52’ W. 19 ma 8 5022 eiWee 11 5 

3 43° 51’ W. 14 ” 9 92 TW 10 oe 

4 21° 207K. 13 af 10 AT? 42’ W. 10 x 

5 29° 12’ W. 12 AS 11 5° 43’ E. 9 BS 

6 


39° 59’ W. | 12 es 
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There now remains to be shown the relations which those direc- 
tions bear to the coast lines on the east side of Ireland; and, further- 
more, their relations with the lines of directions corresponding to the 
principal mountain chains, river valleys, main lines of jointing, and 
geological lines of boundary of the interior of the country. 

Taking the first direction, 16° 23’ E., the mean of twenty-six 
observed directions (but not necessarily the mean of all the similar 
directions which might be observed in Ireland), it will be found that 
this is the direction of the coast line between Carnsore Point and 
Wicklow Head, as exactly as possible; also the line of direction 
between Carmel’s Point, N. W. Wales, and St. David’s Head, 8. W. 
Wales. It also represents the boundary line limiting the granite of 
Wicklow, on the west side, between Castledermot and Goresbridge, 
and the general direction of the mountains between Kippure and 
Achavannagh mountains, as shown on Griffith’s general map of Ireland. 
It represents, therefore, a coast line and a line of mountain direction. 
It also represents a band, or zone, of parallel joints which must extend 
over a considerable distance, and over a certain breadth of country. 
If we examine the extension of this direction on the map of Great 
Britain, it will be found to pass through the Mull of Galloway, 
near Cairngarroch Bay, to pass at Ayr, Ben Mac Dun chain, and 
to come out at Elgin—this direction being that of the north-east 
coast of Scotland, between Fifeness and Peterhead. The continuation 
of the line of direction passes through the Shetland Islands, on the 
western side, parallel to their general or longer axis, and to the 
geological boundary line of the southern promontory of Mainland 
Island. It it be further examined, with reference to the Great Circle 
of which it forms a part, it will be found that its extension traverses 
the Northern Ocean, parallel to a line joining Bremanger Land (the 
most westerly point of Norway) with Great Ice Cape (the north-east 
point of Nova Zembla), at about a distance of 38° 47’ from those two 
extreme points. It then crosses Siberia from the mouth of the Lena 
to Okhotsk, where it emerges, making with the coast lines east and 
west angles of about 70°. It traverses the North Pacific, crosses New 
Caledonia, passes through New Zealand, from Mount Cook to Dunedin, 
and finally cuts the west coast of Africa, from Bathurst to Cape 
Bojador. If we compare the extent of land traversed to that of ocean 
surface, it will be found that these extents stand to one another some- 
what in the ratio of 1: 15; that is to say, that this Great Circle is one 
of considerable contraction of the surface towards the Earth’s centre, 
and it will be easily recognised that there are not many other Great 
Circles of greater contraction. Its importance, physically and geolo- 
gically, has, therefore, a certain significance, lying, as the line or Great 
Circle does, on the boundary between the Old and New World. 

The second direction, 25° 52’ W., is remarkable from more than 
one point of view. As a coast direction it only shows itself about 
Killiney, representing the axis of Dalkey Sound, and the depression 
between the first and second Hills, or between the Telegraph and 
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Dalkey Hills. It is well and markedly represented by the Scalp, and 
by the Dingle, to the north-east of the Scalp. It is, however, well 
marked in the Mourne Mountains, as shown by the Survey maps, and 
fairly represents the north-east coast line of Ireland, between Burial 
Island and Rathlin Island, coinciding with the coast lime between 
Donaghadee and Long Rock, Co. Down. This joint system is nearly 
everywhere vertical, and in some places very distinct. Its extension 
northwards is very remarkable, passing through Iceland, near Hecla, 
according to a direction which is that of the north-west coast of the 
great inlet or bay called Hunaflood, or Bear Cub Flood, and which is 
also that of many of the inlets between Portland and Ingolfshead, 
on the south-east coast line. It crosses North Western America, from 
Cape Lyon, on the north side, to Mount Fairweather, on the Pacific 
side; passes between Honolulu and Woahoo (Sandwich Islands) ; 
passes New Zealand to the east, and nearly parallel to the axes of the 
islands: through Enderby’s Land; cuts the south coast of Africa at 
Algoa Bay; traverses Africa, parallel to a line joming the Cape of 
Good Hope with Cape Lopez Gonsalvez; cuts the river Congo, at 
Stanley’s Pool, that is, about 0° 30’ east of the Kalulu Falls; passes at 
Algiers, and, crossing the Mediterranean, enters Spain at Tarragona; 
crosses the Pyrenees ; passes at Rochelle, St. Malo, Startpoint, Bideford 
Bay, and the south-west promontory of Wales. If the line between 
Beechy Head, in the south, and Cape Wrath, in the north, be taken 
as about the longest axis of Great Britain, it will be seen that the 
direction of this axis is about that of the direction under consideration : 
it will indeed be found to represent sufficiently closely the line joining 
the coast of Yarmouth with the coast line at Peterhead. It may, 
therefore, be considered as having a representative character. 

The direction 48° 51’ W. is represented by only short stretches of 
the eastern Irish coast line, such as the south side of the Bay of 
Dublin, and the line between Skerries and Balbriggan. It also cor- 
responds with portions of the Trap dykes north-east of Lough Erne, 
with the longer axis of this lough, and with the direction of the Trap 
dyke marked as running between Maghery Bay and Trawenagh Bay, 
Co. Donegal. Outside Ireland, the corresponding Great Circle passes 
through a number of very interesting points; but it may be sufficient 
to remark, that passing through Monmouthshire, it represents very 
closely many of the numerous faults characterismg the South Wales 
coal-field, as may be seen by the Geological Survey of the district. 

The direction 21° 20’ E., is represented by parts of the south-east 
coast of Ireland, the outline of which it goes to form, in combination 
with the direction 16° 23’ E. It also represents the direction of the 
Downpatrick coast, and the coast line extending between Corsewell 
Point and Ayr, in Scotland. Furthermore, it may be taken as repre- 
senting in direction the longer axis of Ireland—that running from 
Mizen Head to Malin Head, and thus passing through Lough Fergus, 
on the Shannon, according to its longer axis, and defining the western 
limit of the middle carboniferous limestone. As a Great Circle direc- 


y 
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tion, it has nearly the same interest, and passes through the same 
countries nearly, as the direction 16° 23’. 

The only other directions to which attention may be more particu- 
larly called are the directions 89° 45’ W.; 9° 27’ W.; and 5° 45’ E. 

The direction 89° 45’ W. is represented at Dublin by the jointing 
in the granite rocks which occur at Blackrock, and which are the most 
northerly outcrops of the rock. Its continuation across Ireland, from 
that point, brings it out at Galway, and there corresponding with 
certain portions of the granite coast line. It represents the line of 
least elevation crossing Ireland from east to west, and is roughly 
represented farther south by the line which would pass from Carnsore 
Point to the Great Blasket Islands. It may be taken as the direction 
of the axis of the Liffey valley. 

The direction 9° 27’ W. represents fairly the coast line between 
Wicklow Head and Dunany Point, in the Co. Louth; and its con- 
tinuation passes through the Mourne Mountains, along a portion of 
the west side of Lough Neagh, and comes out on the coast of Antrim, 
near the promontory of Portrush. The angle of 40° with this gives a 
direction which corresponds very closely with that of the Caledonian 
canal, while the direction 70° with the canal takes in Fifeness, Bam- 
borough Head, and the coast line between Foulness and Yarmouth. 


MRE BSATHENGIECCEION;: (os 5 osc, ee se yee kl) ce COPD TE Wes 
Pimecmwiunsthe direction, . :. =. °"., . . - 802.08’ 


(so remarkable at Ireland’s Eye), an intersection of 39° 35’ 


Lastly, the direction 5° 43’ E. represents the portion of the coast 
line between Baldoyle and Rush; but more particularly represents 
the direction of the Great Circle which I had traced, d priord, on the 
globe as the ‘“‘ West Coast of Portugal,” and which is represented 
by well-marked faulting in three or four places, by hill direction, and 
by the east side of Rathlin Island. 

As regards the eastern coast of Ireland, it may be fairly advanced 
that it is represented by directions which correspond to lines of joint- 
ing observable, in greater or lesser number, about the Bay of Dublin, 
and which are as follows :— 


From Carnsore Point to Wicklow Head, . . . 16° 25’ E. 
Wicklow Head to Clogher Head,. . . . 9°27’ W. 


Bellagan Point, Carlingford Lough, to 48° 30'E 
John’s Point, Dundrum Bay, : 3 


Donaghadee to Bruce’s Castle, Rathlin Is., 29°11’ W. 


2) 


3? 


9 


The three last directions are not the more frequently occurring in the 
Bay of Dublin, but do occur. It should be noticed that the direction 
48° 30’ E. is almost exactly that of the line of porphyritic rocks so 
markedly characterising the geology of the county Wexford. 


2A2 
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As regards the correlation of the directions enumerated, in accord- 
ance with the theory laid down in my memoir on that subject, I 
should part from one or other of the Great Circles which are found to 
traverse Ireland. Now, as the number of coast-line Great Circles 
traceable on the globe has not been worked out so as to bring all 
the principal coast lines available into the system, I can only for the 
present show the connexion existing between those Great Circles 
which, so far, I have found to traverse Ireland, and the principal 
lines of direction observed by me about the Bay of Dublin. 

The three Great Circles traversing Ireland, on the eastern side, so 
far noted, are— 


The St. Lawrence Great Circle (No. 12), cuts meridian 10° W. 
in Lat. 52° 45’ N., at angle of 73° 45’ KE. of 8. 


,, Caucasus Mts. Great Circle (No. 23), cuts meridian 10° W. 
in Lat. 52° 30’ N., at angle of 81° 20’ W. o£ S. 


W. Coast of Portugal Great Circle (No. 15), cuts No. 28 
G. C. in Long. 7° 23’ W., at angle of 78° S. of W. 


2? 


The Wexford coast line (16° 23’ EK.) makes with the Caucasus. 
Mountains Great Circle an angle of 70° very nearly. Taking the 
intersection of this Great Circle with the meridian 6° W. 
at 84° E. of south, this represents . . - . .' 2 s9GciWROoLIN: 


Now, the second principal direction occurring about 
the Bay of Dublin has been shown to be : 


Mhe difference therefore is. . . . = . |. se eeOmmOGm 


a sufficiently close approximation. 


But the direction 25° 52’ W., and the direction 
16° 23’ E. intersect at angle of A 


‘| 25° 52’ W. 


hy 42° 15’. 


As the angles of which these are means vary by more than 8°, it 
is evident that for certain values, such as 37° HK. and 3° W. (magnetic), 
the angle of intersection would just be 40°. 

The eastern boundary line of the granite mass of the Co. Wicklow 
is fairly represented by the direction “30° 08’ E.  N ow this direction 
makes with the St. Lawrence Great Circle, where it passes to the 
north of Tramore Bay, an angle of 80° very nearly. 


Makinowicrate§ 0)... <<: ost Air Ope Sabres 


it intersects, in the neighbourhood of it Killiney Bay, 
the coast line lying between Wicklow Head and 
Clough Head, of which the mean direction is taken 
ait RS TR OR Se 


The angle of intersection is therefore . . . . . 389° 357, 
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which, for the reason previously cited, is a fair approximation to the 
theoretical angle of 40°. (This direction of 30° 08’ E. is very re- 
markable at Ireland’s Eye.) 

Nearly similar intervals occur between the directions 89° 45’ W.., 
50° 12’ W., and 9° 27’ W.: thus we have 39° 33’, and 40° 45’ as 
these intervals; while the mean of the four values, 42° 15’, 39° 35’, 
39° 33’, and 40° 45’, is 40° 32’, which sufficiently represents the 
angular relation adopted by the theory. 

It would be easy to multiply the number of cases of intersections 
at angles closely approximating to the values 80°, 70°, 40°; but there 
is a simpler and more direct proof of the correspondence of the actual 
lines with the theoretical: it is, that the Great Circles already men- 
tioned correspond in a marked manner with actual lines of direction, 
such as main jointing, river valleys, and mountain ridges, and that 
from them may be derived most, if not all, the principal coast line 
directions. If it were possible to have the main lines of jointing 
carefully laid down for the whole of Ireland, it would be still more 
easy to multiply cases of intersection at the angles indicated, since it 
is fair to presume that the conclusions to be drawn from their corre- 
lation with the coast lines, and the Great Circles already cited, would 
not be less in accordance with the theory than those arrived at for the 
neighbourhood of the Bay of Dublin. 
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L.—Own THE CoRRELATION oF THE Lives oF FAULTING oF THE PaLaMow 
Coat-Frerp District, NortHern Inpra, WITH THE NEIGHBOURING 
Coast Lines. By J. P. O’Rermty, C.E., Professor of Mining and 
Mineralogy, Royal College of Science, Ireland. 


Read, April 12, 1880. 
Pp 


Havre received from Mr. Valentine Ball, of the Geological Survey of 
India, copies of his memoirs on the coal-fields of the Palamow district, 
Bengal Presidency, to which are annexed detailed maps illustrative of 
the geological characteristics of this district, I was led to examine 
the very remarkable lines of faulting which these maps present, re- 
latively to their angular correlation with the coast line Great Circles 
passing through or near this district. 

I considered this an excellent occasion of applying the theory of 
correlation of lines of direction submitted to the Academy in June, 
1879, since I could have but little previous knowledge of the district 
on the one hand; and, on the other, the length and straightness of the 
lines of faulting are so remarkable, that their concordance with the 
theory should, so far, be a strong proof in its favour. The maps are 
to a scale of one inch to the mile, and therefore sufficiently large to 
show details with clearness. 

The only great circle, of those originally traced by me on the 
globe, which I find to intersect the district, is that which I call the 
Beluchistan East and West Coast-line Great Circle, or, as I shall eall it, 
the Beluchistan Coast-line. On the globe it cuts the meridian of 
90° E. in latitude 23° 45’ N., at an angle of about 84° 31’ W. of N. 
This I have transferred to the maps, or rather parallels to this direc- 
tion. I have further traced thereon parallels to a line of direction 
making, with the eastern Ghats coast-line of India great circle, an 
angle of 40°. Its direction differs from that of the Beluchistan coast 
line great circle by about 4°, that is, it would cut the meridian 90° KE. 
at about 88°-89° W. of N. For convenience I shall term it ‘ The 
88° W. of N. Line.’ I might have introduced other great circles or 
parallels to them, but the most direct proof and the simplest is the 
best, and I therefore confine my examination to the angular relations 
between the lines of faulting presented by the maps and these two 
principal lines of direction. 

There are two 1-inch scale maps, the one of the Hutar coal-field, 
the other of the Auninga coal-field. 

Taking the first, on which I have traced parallels to the Belu- 
chistan coast great circle, and to the 88° W. of N. line, If find the 
following angular relation for the lines of faulting, and other principal 
lines :— 
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I.—A line drawn at 70° with the Beluchistan coast-line great 
circle, and passing through Murwaie Kullan, defines the eastern side 
of the coal-field. 


IJ.—A line drawn at 40° with this gives very distinctly the 
northern boundary of the coal-field, over an extent of sixteen miles. 


III.—A line drawn at 40° with the Beluchistan coast-line great 
circle (from W. to E.), and passing near Hurtah, in the north of the 
map, gives the direction of the mountain chain passing near this point. 


IV.—The line at 30° with this, and consequently running nearly 
due east and west, gives the direction of certain of the sets of joints in- 
dicated in the southern part of the map, as also the southern boundary 
of the Mahadeva Rocks, marked Bitwa. 


Taking now the second direction, that at 40°, with the eastern 
coast-line great circle, or as [ termed it, the 88° W. of N. line: — 


V.—A parallel to it gives a well-marked direction of jointing 
passing near Tataha, and running nearly east and west. The coinci- 
dence over the principal portion is distinct. 


Vi.—In the north of the coal-field this direction corresponds with 
that of certain of the Trap dykes marked thereat. 


The line of jointing running N. N.W. and §.8. E., by the Munga 
Hills, I do’not see how to correlate distinctly with either of the above- 
mentioned principal directions, that is to say, to within four or five 
degrees. 


VII.—Taking the map of the Aurunga coal-field, and tracing on 
it the two directions already employed (that is, the Beluchistan coast- 
line great circle, and the 88° W. of N. line), there is immediately 
obtained the direction of the very marked jointing which runs from 

> Rukhaut, in the south-east, to Obur, in the east centre, an extent of 
eleven miles. This line is slightly inflected, and presents, as traced 
on the map, two directions—the one concords with the line at 40° 
with the Beluchistan coast great circle, and the other with the line 
making the same angle with the direction 88° W. of N. 


VIII.—The two main lines of direction (Beluchistan coast and 
88° W. of N.) give very distinctly parts of the east and west line of 
jointing, which runs from Rampur to Tuppah. 


IX.—They also define the system of jointing with hot springs, 
which runs east and west between Joreesuklowa and Punkra, towards 
the northern limit of the coal-field, the length between the extreme 
points being nine miles. 


q 
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X.—The system of jointing running N.W. by W., from Tuppah 
to Putkee (eight miles), can be easily correlated with the two main 
lines of direction by the intermediary of the angle of 80°. 


XI. and XII.—A line drawn at 70° with the Beluchistan coast 
line great circle gives the direction of the jointing or bedding of 
the patch of limestone occurring in the north-east of the field; 
while the well-marked joint or fault crossing the direction of these 
limestones, from E.N. KE. to W.S.W., makes with the direction of 
the jointing which runs from Putkee to Tuppah an angle of 40°. 


The jointing which runs east and west, north of Tuppah, and its 
parallel about one mile to the south of it, do not give any direct and 
precise angular relation with either of the two principal directions 
already mentioned. 

A few subordinate directions can also be correlated with those 
directions, as shown on the map, but it is not necessary to insist on 
them. 

It will thus be seen, that at least twelve different lines of direction 
of jointing can be distinctly correlated with the two principal lines 
employed—viz., the Beluchistan coast line, and the line which makes 
40° with the east coast of India great circle—by simple angular 
relations. 

There are a few main joints which are not so correlated, because 
the angular relations which might be established would show differ- 
ences of 4° to 5° with the theoretical values admitted: this so far goes 
to show how distinctly the twelve other lines do concord with the 
theoretical directions, and, therefore, so far go to support the general 
theory of correlation submitted by me to the Royal Irish Academy. 
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LI.—Pretimimary Report on somE New Orcanic NirroprussipEs. 
By Epmunp W. Davy, A.M., M.D., M.R.I.A., Professor of 
Forensic Medicine, Royal College of Surgeons, Ireland, ete. 


[ Read, June 14, 1880. ] 


Tux Nitroprussides, or Nitroferricyanides, a class of salts obtained by 
the action of nitric acid on the soluble ferro- or ferricyanides, which 
were first studied by Dr. Lyon Playfair, have not received on the part 
of chemists the attention that might have been expected from the in- 
teresting properties possessed by those compounds; and though it is 
now oyer thirty years since they were first investigated, still compa- 
ratively little has been added to our knowledge of these salts beyond 
what was ascertained by their original investigator, who described in 
his classic researches, very fully, the principal characters of nitroprussic 
acid, and of some of its more important metallic salts. 

As the organic combinations of that acid have received scarcely 
any attention, and as I thought a field for investigation was therefore 
open in this direction, I applied last year for a small sum out of the 
parliamentary grant (given to the Academy for the encouragement of 
scientific research) to aid me in the necessary expenses attendant on 
such an inquiry. 

The vegetable alkaloids being as a class the most interesting and 
important organic bases that we are acquainted with, I naturally di- 
rected my attention to them in the first place; and I would now beg 
leave to lay before the Academy, as a preliminary report on the organic 
nitroprussides, the facts I have already ascertained respecting the 
combinations of nitroprussic acid with some of the more important of 
those substances, which, I should hope, may prove to be of some prac- 
tical value, as adding to the distinctive characters of the vegetable 
alkaloids, and thus furnishing some additional means for the detection 
and separation of those bases under different circumstances. I shall 
commence by making a few remarks on these salts in general, and 
afterwards describe some of the more important of them separately 
in detail. I have ascertained that nitroprussic acid, the composition 
of which is represented by the formula H,(NO)FeCy;, is capable 
of forming compounds with the different vegetable alkaloids or bases. 
These combinations, for the most part, I find to be very sparingly 
soluble in water; and, when they are such, they may be readily 
obtained by treating any of their soluble salts with a solution of 
sodium nitroprusside, when the alkaloid will be precipitated in union 
with nitroprussic acid, producing sometimes a very characteristic deposit. 
On being so formed, the salt will in some cases, as in those of strych- 
nine and brucine, exhibit itself from the first as a more or less 
crystalline precipitate; but in many instances, if the precipitated 
nitroprusside is examined under the microscope, it will be found to be 
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at first amorphous, or in the form of minute oil-like globules, which 
latter, on subsiding or on agitation, adhere to the sides and bottom of 
the vessel containing the mixture, forming a sticky resinous-looking 
deposit, or the particles agglutinate together into little lumps or masses 
of a similar character. But these deposits, on standing for a variable 
period, assume for the most part a more or less crystalline condition. 
In some cases, however, as for example in that of veratrine and cin- 
chonidine, there appeared to be no disposition on the part of the salts to 
acquire a crystalline form, even after the lapse of a considerable time. 
In the preparation of those nitroprussides of the alkaloids, which, 
owing to their slight solubility in water, may be obtained by precipi- 
tation, as already stated, using any of their soluble salts, still it will 
be found better in most cases to employ the alkaloid in the form of 
the sulphate ; for this reason, that in the after-washing of the precipi- 
tated nitroprusside, to free 1t from the sodium salts with which it is 
associated, where the sulphate is used we can easily ascertain whether 
this has or has not been completely effected, by testing for sulphuric 
acid with 2 barium salt, a small quantity of the filtrate (the water 
used in washing the precipitate); and when such fails to produce any 
turbidity, it may be considered to be sufficiently washed and all the 
sodium sulphate with whieh it was mixed removed. But should the 
acetate, nitrate, or chloride have been employed, it will not be so easy to 
ascertain this point. As regards the employment of a chloride of the 
alkaloid in this case, I may observe that, as more or less of the nitro- 
prusside of the alkaloid is always dissolved during the washing process, 
its presence in the filtrate interferes with the use of a silver salt for 
the detection of the alkaline chloride formed along with the nitro- 
prusside when the chloride of the alkaloid was the salt employed. 
Some of the alkaloids, as those of morphine and nicotine, as they 
form very soluble salts with nitroprussic acid, their nitroprussides 
cannot be obtained by precipitation, as in the case of the former alka- 
loids; but they can be easily made, either by directly dissolving the 
alkaloids in nitroprussic acid, or by treating solutions of their chlorides 
with silver nitroprusside, or their sulphates with a solution of barium 
nitroprusside, when, in the first case, the insoluble silver chloride, and 
in the second that of barium sulphate, is formed, either of which can 
be easily separated by filtration from the soluble alkaloid nitroprusside 
produced; which on subsequent evaporation, if the salt is erystallisable, 
can be obtained in a crystalline form. But as it is difficult to know 
the exact quantity of the barium salt which should be added to de- 
compose completely the sulphate of the alkaloid, the use of the silver 
nitroprusside, with the alkaloid in the form of a chloride, is to be pre- 
ferred ; as owing to its being an insoluble salt, if it be added in excess 
it remains without contaminating the nitroprusside of the alkaloid: 
indeed it is better, as a general rule, that it should be so added, to 
ensure the complete decomposition of the chloride of the alkaloid, and 
such excess will be entirely removed during the filtering of the mix- 
ture, to separate the insoluble silver chloride formed in the process. 
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I have ascertained that nitroprussic acid forms (as might have been 
expected from its being a bibasic acid) two classes of salts with the 
alkaloids, viz., neutral and acid salts. In the first there exist two 
molecules of the base and one of the acid, and in the second one mole- 
cule of each. 

I have also observed that some of the alkaloids—as, for example, 
morphine, strychnine, and brucine—seem to be capable of forming 
only neutral salts, whereas others—as those of quinine, cinchonine, 
and nicotine—form both neutral and acid salts, in combining with 
nitroprussic acid. I have noticed also that where the alkaloids form 
the two classes of salts, that in some cases the neutral salt is the most 
readily erystallizable, and the acid one much less so, and vice versa ; 
thus the quinine neutral salt crystallizes with great facility, whereas 
the acid salt does so with difficulty; on the other hand, the nicotine 
acid salt readily assumes the crystalline form, whereas the neutral 
one appears to be non-crystallizable. 

In ascertaining the composition of those nitroprussides which I 
have discovered, some of which I shall presently describe, the mode I 
adopted was to dissolve a given weight of the thoroughly dried salt in 
water, which, in the case of the more sparingly soluble salts, it was 
necessary to be hot, or even boiling, for this purpose; and then, by the 
addition of a solution of silver nitrate, to precipitate their nitroprussic 
acid in the form of the insoluble nitroprusside of that metal, and from 
the amount of that salt so obtained to calculate the quantity of nitro- 
prussic acid which had been combined with the alkaloid. 

As to the water of crystallisation given in the case of some of the 
erystalline salts, its amount was determined in the following manner : 
The nitroprusside from which the moisture had been as far as possible 
removed by filtering or blotting-paper, and afterwards by exposing the 
salt to the air at the ordinary temperature, till it appeared to be quite 
dry, a given quantity of it was taken and heated in a water-bath till 
its weight remained constant, when the loss thus sustained was 
regarded as water of crystallization ; but as it was difficult to ascertain 
whether the salt in the first instance had been quite freed from 
mechanical moisture, or had not lost some of its water of crystalliza- 
tion by the exposure to the air (as it is well known many salts will do 
when so treated), the amounts of such water, given in the formule of 
some of the salts to be described, represent the quantities that agree 
most closely with the results obtained by treating the salts in the 
manner just stated; but, for the reasons mentioned, those results will 
require to be confirmed by further research, before they can be taken 
as representing the true amounts of water necessary for the crystalli- 
zation of those salts. 

I may here further add, that the mode I adopted to determine the 
degree of solubility of the different salts in water, at its ordinary tem- 
perature, and at its boiling point, was to saturate water at those tem- 
peratures with the salt, and then taking a given bulk of the solution— 
the weight of which, of water alone, at such temperatures was known 
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—to evaporate it to dryness, and ascertain the weight of the residue 
or of the salt that had been dissolved in the given amount of water; 
and in order to obtain a saturated solution of the salt at the ordinary 
temperature (which in some cases, owing to the very slight solubility 
of the salt in cold water, would not be easily effected), the usual mode 
LT adopted was to dissolve the salt in hot, or in boiling water, and to leave 
it to cool and stand for about twenty-four hours, so that the excess of 
salt dissolved by heat might re-crystallize out of the solution, which, 
after filtration to separate the crystals, the necessary quantity of it 
was taken, evaporated to dryness, and the weight of the residue deter- 
mined. 

I shall now proceed to describe the characters of the nitroprussides 
of some of the more important alkaloids. I shall commence with 
those which, owing to their sparing solubility in water, may be pre- 
pared by precipitation. 


Strychnine Nitroprusside. 


The first I shall speak of is the strychnine salt, as this is the * only 
organic nitroprusside, as far as I was able to ascertain, which has 
received some very slight attention, and concerning which some con- 
flicting statements have appeared. I believe that Mr. John Horsley, 
of Cheltenham, was the first to point out that sodium nitroprusside 
formed a crystalline precipitate with strychnine salts, and finding that 
where it had been added to a mixture of that alkaloid and strong sul- 
phuric acid, the characteristic purple reaction (which is developed by 
strychnine, when it is acted on by different oxidizing agents under 
those circumstances) was produced, he proposed it, the sodium nitro- 
prusside, as a more delicate reagent than potassium bichromate for 
that purpose. But it was subsequently shown by Rogers and Neu- 
bauer that this reaction which Horsley observed was due to the nitro- 
prusside he employed containing potassium ferricyanide, known in 
commerce as the red prussiate of potash—a salt which, several years 
ago, I myself proposed to be used in conjunction with strong sulphuric 
acid, as a test for strychnine; and which, according to my experi- 
ments, possesses some advantages for that purpose over the potassium 
bichromate, the salt which is usually employed in the detection of 
that alkaloid. AndI mention this circumstance, as in several chemical 
works where my name has been quoted in connexion with this test, an 
error has been made in putting the ferro- instead of the ferricyanide of 
potassium, as the salt to be employed; for the former, which is well 
known under the name of the yellow prussiate of potash, has no 


* Since my investigations were made, I have ascertained that Mr. Horsley, 
several years ago, proposed sodium nitroprusside as a test for certain alkaloids, and 
pointed out that when it was added to solutions of brucine, and to those of morphine, 
and the mixtures examined under the microscope, that characteristic crystals were 
produced, as well as in the case of strychnine, to which he had previously directed 
attention. See The Chemical News, vol. v. p. 355. 
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power whatever of developing the characteristic reaction of strychnine 
under the circumstances stated. But to return to the sodium nitro- 
prusside ; my experiments on that salt fully confirm the statement of 
those two chemists already mentioned, as to its incapability of develop- 
ing the purple reaction when added to a mixture of strychnine and 
sulphuric acid. 

I shall now describe the reaction of sodium nitroprusside on a 
soluble salt of strychnine, and point out some of the properties of the 
resulting nitroprusside of that alkaloid. When a solution of the 
former salt is added to one of the latter, there will be immediately 
formed a dull reddish-white precipitate, which, on being examined 
under the microscope, will be found to be in great part of a crystalline 
character, consisting of very fine prismatic crystals. On heating the 
mixture, the precipitate will dissolve; and on cooling, it will re- 
appear in a lighter and more completely crystalline form, the crystals 
being arranged in a peculiar brush or fan-shaped manner, or radiating 
from a point in all directions. Some of this salt which had been pre- 
cipitated by a solution of sodium nitroprusside, and was washed and 
dried in the way already described, was taken and heated in the 
water-bath till its weight remained constant, and the loss sustained by 
a given quantity was noted. The thoroughly-dried salt was then 
dissolved in water, and precipitated by a solution of silver nitrate, and 
the silver nitroprusside so formed ascertained. From these two 
results—viz., the amount of water lost by drying, and of silver nitro- 
prusside obtained—agreeing most closely with the amounts which 
should by calculation be furnished by a salt having the formula 
(CH».N20.)?. H.(NO)FeCy; + 3H,0, where two molecules of the 
base are combined with one of the acid, plus three atoms or 
molecules of water of crystallization, there can therefore be no 
doubt that this formula expresses the composition of the salt, 
at least as regards the relative proportions of the base and acid. 
As to the water of crystallization, there is not the same certainty, 
for this salt readily loses such water by exposure to the air at the 
ordinary temperature, and consequently it is difficult to remove 
the moisture without its losing at the same time more or less of the 
water necessary for its crystallization. Its composition shows that it 
is a neutral salt, and test-papers indicate the neutrality of its solutions. 
As to its solubility in water, I found by the means already described 
that it required about 847 times its weight of cold, and very nearly 
66 times its weight of boiling, water for its solution. 

It dissolves but slowly and in comparatively small proportion in 
rectified spirit, either hot or cold, and is only very slightly soluble in 
chloroform, and still less so in ether, and does not appear to be dis- 
solyabie by benzole. 

I may observe, as regards the crystallization of this salt, that, 
though it usually assumes one or other of the forms already described, 
yet, when it very slowly crystallizes from its aqueous, or more particu- 
larly alcoholic solutions, it presents itself, at least in part, under the form 
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of very thin square or rectangular plates; and I mayalso state, that when 
the crystals of this salt are exposed to the air, they become more or 
less opaque, and present a silky reddish-white appearance. I may 
further add, that strychnine does not appear to be capable of forming 
an acid salt with nitroprussic acid. 


Brucine Nitroprusside. 


When a solution of sodium nitroprusside is added to a soluble salt 
of brucine, such as the sulphate, a dull yellow precipitate will be im- 
mediately formed: this, when examined under the microscope, will 
be found to be more or less crystalline; and on heating the mixture, 
as in the case of strychnine salt, it will dissolve completely ; and on 
cooling it will again reappear, but in a lighter and much more crys- 
talline form, consisting of long and slender four- or six-sided prisms, 
terminating in wedge-shaped ends, and when dry presents a light- 
yellow colour. Some of the salt obtained as just stated was washed 
and dried in the manner already described, and a given weight of it 
being taken, it lost by drying in the water bath, and yielded of silver 
nitroprusside, quantities of water, and of the silver salt, which agreed 
very closely with those which should have been furnished by a salt 
having the formula (C.;H».N.0,). Ho(NO)FeCy; + 3H,0, in which two 
atoms of brucine are united to one of nitroprussic acid, and three 
atoms of water are combined with the salt in its crystalline form; 
consequently, I conclude that such is its constitution. 

It is a perfectly neutral salt, which is very sparingly soluble in 
cold water, but dissolves in much larger quantity in hot or boiling 
water ; and from an experiment { made, I found that the thoroughly 
dried salt required about 736 times its weight of cold, and only about 58 
times its weight of boiling, water for its solution. It readily dissolves 
in rectified spirit, and is soluble to a considerable extent in chloroform 
and in ether, but is much more so in the former than in the latter, 
and it appears to be almost insoluble in benzole. 


Quinine Nitroprussides. 


The alkaloid quinine is capable of forming with nitroprussic acid 
two salts, viz. a neutral and an acid one. The first was obtained by 
dissolving quinine neutral sulphate in boiling water, and adding to 
this solution, whilst still hot, sodium nitroprusside. A solution of 
this latter salt, on being gradually added drop by drop to the quinine 
solution, at first produced no precipitate, or, if any was formed, it was 
immediately redissolved; but on continuing its addition, prismatic 
erystals began to appear, and to increase in quantity. The sodium 
nitroprusside was added till the mixture acquired a reddish colour 
from an excess of that salt; it was then suffered to cool, when a 
further quantity of the new salt crystallised out ; this was then sepa- 
rated by filtration, and washed with cold distilled water, to remove 
the sodium sulphate formed and the excess of sodium nitroprusside ; 
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and the washing was continued till barium chloride failed to indicate 
the presence of sulphuric acid in the water used in washing the salt. 
Tt was then drained and dried, first by being placed between blotting- 
paper, and afterwards by exposing it to the air for some time, till it 
appeared to be quite dry. When so prepared it had a light-reddish 
colour and a somewhat glistening appearance ; and, on being placed 
under the microscope, it was found to consist of prismatic crystals, 
the prevailing forms of which were six-sided prisms, many of which 
had wedge-shaped terminations. The salt is only very slightly soluble 
in cold water, it requiring about 2500 times its weight of that liquid 
at the ordinary temperature for its solution, and this very small quan- 
tity of the salt scarcely affects its colour. It is much more soluble, 
however, in boiling water, of which it requires about 83 times its 
weight to dissolve it; and, when saturated at this temperature, it has 
a faint brownish colour; and its aqueous solutions are neutral to test- 
papers. Though it is so sparingly soluble in water, it dissolves 
readily in rectified spirit. From the amount of silver nitroprusside 
which a given weight of the thoroughly dried salt yielded, it was evi- 
dent that two molecules of quinine were combined with one of nitro- 
prussie acid, and that it was a perfectly analogous salt with the 
quinine neutral sulphate, and that its composition was represented 
by the following formula :—(CH.N,0.)?.H,(NO)FeCy;. As to 
the quantity of water this salt requires for its crystallization, I 
shall not venture to state; for the loss which a given weight of the 
air-dried salt underwent by heating in the water bath was so very 
trifling, I conclude that it must have lost the greater portion of its 
water of crystallization in its preliminary drying, and it will require 
further research to determine this point. 

Before leaving this salt I may add that, when to a cold saturated 
aqueous solution of quinine neutral sulphate, sodium nitroprusside 
is gradually added, drop by drop, it produces a reddish-white precipi- 
tate, which at first re-dissolves, but, on continuing the addition of the 
nitroprusside, it ceases to disappear, and leaves the mixture turbid; 
on its standing, however, for a short time, the precipitate assumes a 
somewhat crystalline appearance, and after a further interval it sub- 
sides, forming a somewhat granular deposit, which, on being examined 
under the microscope, is found to consist of short prismatic crystals, 
radiating from a point in a stellate form; but the salt, whether preci- 
pitated from a hot or cold solution, appears to be the same compound. 

The quinine acid nitroprusside was obtained by the following pro- 
cess :—Some quinine neutral sulphate having been dissolved in 
water, by the addition of the least possible amount of diluted sulphuric 
acid; to this solution was added gradually sodium nitroprusside. 
This produced at first a reddish-white precipitate, which, on examina- 
tion under the microscope, was found to consist of minute, oil-like 
globules; these, after a short time, aggregated together and subsided, 
adhering to the sides and bottom of the glass containing the mixture, 
in the form of a very sticky and resinous-like deposit ; but this, after 
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remaining some time longer, became somewhat opaque, and presented 
a more or less crystalline appearance, which, when examined under 
the microscope, was found to consist of masses of minute, flattened, ob- 
lique prismatic crystals, the forms of which, however, were very 
different from those of the neutral salt. Some of this nitroprusside, 
which had assumed the crystalline condition, was washed with a little 
distilled water, and dried, and the amount of silver nitroprusside which a 
given weight would furnish ascertained. This was found to correspond 
almost exactly with the quantity of silver nitroprusside which a salt of 
the following composition should yield :—C,)H.,N,0..H, (NO) FeCy;. 
It has an acid reaction, and is much more soluble in water than the 
neutral salt, requiring only about 107 times its weight at the ordinary 
temperature for its solution, and when so dissolved it gives to the water 
a reddish-brown colour, It also readily dissolves in rectified spirit, 

especially on the application of heat. In its composition and proper- 
ties it is, therefore, a perfectly analogous salt to the quinine acid sul- 
phate. This salt, like the neutral one, on exposure to the air, loses 
more or less of its water of crystallization. 


Cinchonine Nitroprussides. 


Cinchonine, like quinine, forms two salts with nitroprussic acid. 
The neutral one was obtained from cinchonine neutral sulphate, as inthe 
case of the quinine salt, only that in this instance, owing to its greater 
solubility, a cold saturated solution was employed instead of a hot 
one. On adding sodium nitroprusside to such a solution of cincho- 
nine, an immediate reddish-white precipitate was formed, which, 
when examined under the microscope, presented the appearance of 
minute oil-like globules: these, on agitation, agglutinated into lumps, 
which stuck to the sides and bottom of the glass in a resmous form, 
and acquired a darker reddish colour. These masses, on standing till 
the next day, became crystalline, and small reddish-brown crystals, 
which were peculiar compound modifications of the cube and octahe- 
dron, were found floating on the surface of the liquid and adhering to 
the sides of the glass containing the mixture. This salt, after drain- 
ing and washing with a little distilled water, was dried, and the 
amount of silver nitroprusside which a given quantity would yield ascer- 
tained: this was found to agree very closely with that which should be 
furnished by a salt having the following formula :—(CH,N,0)’. 
H,(NO)FeCy;. It is therefore a neutral salt, agreeing in its constitu- 
tion with the corresponding quinine salt. This salt is soluble in about 
192 times its weight of cold, and in about 35 times its weight of boil- 
ing, water, and it readily dissolves even in cold rectified spirit. When 
this neutral salt was dissolved in nitroprussic acid it yielded an acid 
crystallizable salt, which, no doubt, has the composition of the corre- 
sponding quinine acid salt. 
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Quinidine and Cinchonidine Nitroprussides. 


Quinidine and cinchonidine, two bases which are isomeric or of 
the same percentage composition with quinine and cinchonine (and are 
obtained from quinidine—a resinous matter produced in the prepara- 
tion of quinine), form, with nitroprussic acid, as might be expected, 
neutral and acid salts corresponding with those of quinine and cincho- 
nine. The quinidine neutral salt is thrown down from the first in 
great part as a crystalline precipitate, when a solution of the neutral 
sulphate of that base is treated with one of sodium nitroprusside. Its 
erystals are prismatic, and of a very ight brown colour. This salt 
requires about 105 times its weight of cold, and about 50 times of 
boiling, water for its solution; and it is readily soluble in rectified 
spirits. Its solutions are neutral, and there can be no doubt that its 
composition is similar to the quinine neutral salt where two molecules 
of the base are united with one of the acid. 

The cinchonidine neutral salt, which is obtained by the same 
means from the neutral sulphate of that base, is precipitated in the 
form of minute oil-like globules, which on subsiding adhere together, 
forming a sticky, more or less transparent, brown deposit, which exhi- 
bits no disposition to crystallise even after standing for a considerable 
time. This, on exposure to the air, hardens, becoming at the same 
time very brittle and resinous in its appearance. This nitroprusside 
requires about 217 times its weight of cold, and about 21 times of 
boiling, water for its solution, and it dissolves readily in rectified 
spirit. This salt being neutral in its reaction, there can be no doubt 
that its constitution is similar to the corresponding cinchonine salt, 
where two molecules of the base are combined with one of the acid. 
The apparent absence of any disposition on the part of this nitroprus- 
side to assume a crystalline condition, affords a distinctive character 
between this and the corresponding cinchonine salt; for though the lat- 
ter is precipitated at first like the former, in minute oil-like globules, 
and forms an apparently similar sticky, transparent, brownish deposit, 
still, on standing for a variable period of some hours, it becomes highly 
erystalline, furnishing very characteristic crystals, as already stated, 
> some of which may sometimes be seen floating on the surface of the 
supernatant liquid, or adhering to the sides of the vessel in which it is 
contained. This salt, as well as the neutral quinidine nitroprusside, 
dissolves readily in nitroprussic acid, and they both thus form crystal- 
lizable acid salts similar to those in the case of quinine and cinchonine; 
but their further properties I have not yet been able to determine. 


Veratrine Nitroprusside. 


Veratrine, the active principle of the white hellebore, which is a 
very powerful poison, forms with nitroprussic acid a neutral salt, 
which may be readily obtained by precipitating its sulphate with 
sodium nitroprusside, when it presents itself as a cream-coloured or 
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almost white precipitate, which is amorphous, and its particles did not 
agglutinate together like some of the other nitroprussides, which do 
not assume a crystalline form when so precipitated. It was very slow 
in subsiding, though it was easily filtered and washed, the filtrate from 
the first passing through clear: after washing, till it gave scarcely a 
trace of sulphuric acid, it was dried and examined. In this state it 
is almost white, and differs little in its appearance from veratrine itself. 
It is sparingly soluble in both cold and hot water, requiring about 416 
times its weight of water at the ordinary temperature, and about 215 at 
the boiling point, for its solution. This nitroprusside, unlike most of 
those of the other alkaloids, does not appear to have any disposition to 
form a crystalline salt, even after long standing. I have not yet been 
able to ascertain the proportion of base and of acid that it contains; 
but there can be little doubt that it consists of two molecules of the 
base combined with one of the acid, as in the case of the neutral salts 
of the other alkaloids. It is very soluble in rectified spirit, both cold 
and hot; and in ether it dissolves to a considerable extent, whilst in 
chloroform its solubility is much less. 

From the experiments I made, it does not appear that veratrine is 
capable of forming an acid salt with nitroprussic acid. 


Morphine Nitroprusside. 


I shall now describe a few of the nitroprussides of the alkaloids 
which form very soluble salts, and therefore cannot be obtained by 
precipitation, as those already noticed. 

The very important alkaloid morphine, the chief active principle 
of opium, forms a readily crystallizable neutral salt with nitroprussic 
acid. It was obtained by simply dissolving, with the assistance of a 
gentle heat, morphine’ in nitroprussic acid, till a perfectly neutral 
solution was obtained. This, which was of a reddish-brown colour, 
being filtered, and the filtrate somewhat concentrated by evaporation 
on the water-bath, began to furnish prismatic crystals ; and in order to 
obtain these of larger size and more perfect form, the solution was 


1 The nitroprussic acid used in forming this and other salts was easily prepared 
by digesting for some days, with occasional agitation, silver nitroprusside in diluted 
hydrochloric acid, contained in a well-stopped bottle; when the nitroprussie acid 
and silver chloride are formed by double decomposition, and the former may be 
separated from the latter by filtering the mixture. In preparing thus this acid, it is 
necessary to employ an excess of silver nitroprusside to ensure the complete re- 
moval ot the hydrochloric acid employed. That such is the case may be ascertained 
by collecting some of the silver chloride, and this being well washed on a filter with 
distilled water till the filtrate becomes colourless ; if then, after the addition of afew 
drops of diluted hydrochloric acid to the chloride, the water used in washing it 
again acquires a reddish colour, it is a proof that there was some silver nitroprusside 
in excess over that necessary to remove the whole of the hydrochloric acid. Indeed, 
if the silver chloride formed, after being well washed, has a reddish colour, it indi- 
cates the same fact. 
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then placed under a bell-glass along with a vessel of sulphuric acid, 
and the air exhausted, by which the further evaporation was readily 
effected, and when the liquid portion was thus nearly all removed, the 
erystals were drained, placed on filtering paper, and afterwards 
exposed to the air for some hours; and when they appeared to be 
thoroughly dried, the salt was taken for examination. The crystals so 
prepared were of a reddish-brown colour, and their form that of four- 
sided prisms, some of which terminated in wedge-shaped ends, but 
most of them abruptly, asif broken across. A given quantity of the 
salt was then taken, and heated in the water-bath till its weight 
became constant: by this treatment the crystals became more or less 
opaque and friable, so that they were easily reduced to powder, though 
they retained their external form. I found that the amount of 
water lost in this way, and the quantity of silver nitroprusside 
yielded by a given weight of the thoroughly-dried salt, agreed most 
closely with the quantities of water and of silver nitroprusside 
which should be furnished by calculation, from a salt of morphine 
having the formula (C,,H 19 NO)? , H.(N O)FeCy, + H,O, where two 
molecules of the base were combined with one of the acid, plus 
one atom of water of crystallization. It is consequently a neutral 
salt im its constitution, and its solutions also indicate its neutrality. 
The salt appears to undergo no change by exposure to the air, its 
crystals having retained their form and appearance after long exposure 
to its action. This nitroprusside dissolves slowly in cold water, but 
readily in hot; and, from an experiment I made, I ascertained that it 
required about 112 times its weight of the former for its solution. It 
dissolves slowly in rectified spirit, especially at the ordinary tempera- 
ture; and is only very slightly soluble in ether and in chloroform. 
Before leaving this salt I should observe that it may also be readily 
obtained by treating a solution of morphine chloride with an excess of 
silver nitroprusside, when the morphine nitroprusside and the silver 
chloride will be produced, and the former, which remains in solution, 
is easily removed from the latter, as well as from the excess of silver 
nitroprusside that may be present, by filtration. 

I may further add that, from some experiments I made, it does 
" not appear that nitroprussic acid is capable of forming an acid salt 
with morphine. 


Nicotine Nitroprussides. 


Nicotine (the active principle of tobacco, which is one of the most 
deadly of our poisons, and, like prussic acid, will destroy life with 
great rapidity when taken even in very small doses) is capable, I find, 
of forming two salts with nitroprussic acid, viz., a neutral and an acid 
one. As the neutral salt does not appear to be crystallizable, whilst 
the acid one is readily so, the latter possesses the most interest, and 
consequently was the one I chiefly studied. 

It may be easily obtained by adding to an aqueous solution of 
nicotine nitroprussic acid till the mixture has a strong acid reaction 
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and the odour of nicotine almost disappears ; this solution on evapora- 
tion will furnish long prismatic, reddish-brown crystals, the prevailing 
forms of which are six-sided prisms with truncated ends. These 
crystals are permanent in the air—at least they appeared to undergo 
no change by exposure to its infiuence for a considerable time. This 
salt is readily soluble in both cold and hot water, and of the former it 
requires only about 17 times its weight for its solution, and when 
thus fully saturated with the salt the water acquires a deep reddish- 
brown colour. It is also soluble in rectified spirit, though rather 
sparingly so, at the ordinary temperature; but on the application of 
heat it dissolves in it readily and in considerable quantity, giving to 
the solution a dark reddish-brown colour, very similar in its appear- 
ance to the saturated aqueous solution, and which on cooling yields a 
considerable proportion of the salt in the crystalline form, and conse- 
quently spirit may with advantage be employed in its preparation and 
purification. It is very slightly soluble in ether, and is almost in- 
soluble in chloroform. 

A given weight of the salt, which had been dried by means of 
blotting-paper and by subsequent exposure to the air, was heated in 
the water-bath till it ceased to vary in weight, when the crystals — 
acquired a dull appearance from the loss of their water of crystalliza- 
tion; and the amount of such loss, and the quantity of silver nitro- 
prusside that the dried salt yielded, agreed very closely with the 
quantities which should be furnished by a salt having the formula 
C,.HuN., Ho NO)FeCy; + 2H.O, where one molecule of nicotine was 
combined with one of nitroprussic acid, plus two atoms of water of 
crystallization. It is therefore by its constitution an acid salt, and its 
solutions possess a strong acid reaction, and the salt itself has no odour 
of nicotine. 

I may further observe that in preparing this salt, if sufficient 
nitroprussic acid has not been added in the first instance to convert 
the whole of the nicotine into the acid salt, some of the neutral one 
will remain after the separation of the crystals of the former salt, and 
on the further addition of the acid a fresh crop of crystals of the acid 
nitroprusside will be obtained. But a much better way of forming 
this and other acid nitroprussides of the alkaloids would be to take 
two equal portions of nitroprussic acid, and, having neutralized one 
completely with the alkaloid, to add to it the other, when at once the 
desired end would be obtained. 

Nicotine forms a neutral salt also with nitroprussic acid; for when 
that acid is carefully added to an aqueous solution of that base, a neu- 
tral mixture may be obtained, which, on evaporation under a bell- 
glass 7 vacuo with sulphuric acid, yields a dark reddish-brown syrupy 
residue, exhibiting no disposition to crystallize, and evolving a strong 
odour of nicotine, and on further drying forms an almost black resi- 
nous-looking mass. 

This dissolves readily in water, forming a dark-brown neutral 
solution, which on heating gives off a strong odour of nicotine, and 
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gradually becomes more and more acid in its reaction from the forma- 
tion of a small quantity of the acid salt. And this neutral compound 
will, on the addition of more nitroprussic acid, furnish crystals of the 
acid salt. Though I have not yet determined the proportions of base 
and acid in this nitroprusside, there can be no doubt that there are 
two molecules of the base combined with one of the acid, as in the case 
of the neutral salts of the other alkaloids. And I may further add, 
that the same neutral salt was likewise obtained by the action of sil- 
ver nitroprusside on a neutral solution of nicotine chloride. 

Though the foregoing observations, as I am fully aware, leave 
much yet to be done in the direction I have been pursuing, still I 
thought it better, before the close of the session, to make this prelimi- 
nary report, embodying the results I have already obtained in investi- 
gating some of the organic salts of nitroprussic acid. But I trust that 
before long I may be able to extend my observations, not only as re- 
gards the alkaloids, but to other organic bases, when I hope to lay my 
results before this Academy in a more complete and perfect form. 
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LIT.—Pretminary Norice or 4 Memorr on Rock-JorntTiInG, IN ITS 
RELATION To PHENoMENA IN Puysicat GrocRaPHY AND PuysicaL 
Grotocy. By Prorrssor Wrixiam Kine, Sc.D., &e. (Abstract by 


the Author.) 
[Read, June 18, 1880.] 


Tue author in the beginning introduces the principal conclusions (of 
which there are six) which he has arrived at in his ‘‘ Report” on the 
Jointing of Rocks, &c., published in the Transactions of the Royal 
Irish Academy, 1875, Vol. xxv.; after which he notices what has lately 
been published on the subject by Daubrée and Sorby, whose remarks, 
he maintains, are confirmatory of his main conclusions. 

According to the author, jointing is a physical phenomenon, which, 
constituting lines or zones of weakness in the earth’s crust, has per- 
mitted subterranean disturbances, often accompanied by igneous 
upbursts, to follow the courses of these zones. Such disturbances 
have greatly affected rocks possessed of jointing, compressing them at 
right angles to the course of an axis of disturbance, and bringing the 
planes of jointing into immediate contact; thus developing slaty 
cleavage. The same agencies, besides producing enormous disloca- 
tions or faults, have, by their transgressive action, flexured rocks into 
mountain chains, and intervening valleys into parallelism with an 
axis of disturbance. 

Although agencies of the kind have often obliterated jointing, the 
writer assumes that cleavage planes represent it; also that the strike 
of these planes indicates the course or direction pursued by the 
obliterated jointing, and consequently the system to which this 
divisional structure belonged. 

He, moreover, regards the coast-lines of continents as a correlative 
phenomenon; taking these features to be defined by the great sub- 
marine slopes which rapidly descend into the abysses of the oceans. 

This last point brings the author in contact with Dana, who 
contends that the earth’s continents have always been continents, or, 
as the writer puts it, that the present continents, in the main, have 
been from the earliest geological periods greatly elevated regions, 
separated by enormously deep depressions. So far, there is some 
agreement between both authors. Dana, however, contends that our 
continents have been produced by regional up-bendings and down- 
bendings of the earth’s crust, the former giving rise to continental 
masses, and the latter to great ocean basins; whereas the writer, 
although accepting the pre-Cambrian antiquity of the main surface 
features of the earth’s crust, maintains that our continental coast- 
lines are in correlation with enormous faults, which have thrown 
down the rocks on one side of a dislocation thousands of feet below 
their corresponding masses on the other side. He furthermore 
maintains that the general direction of any given continental coast- 
line has been determined by some system or section of jointing. 
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There are two systems of the kind—one merzdional, and the other 
equatorial, depending on the maximum frequency of the joints in certain 
points of the compass. The first, especially, is divisible into two sec- 
tions—east-of-north, and west-of-north : a third section, not so strongly 
developed, may be added, which, running north and south, that is, 
between the others, may be called medio-meridional. The equatorial 
system, in general imperfectly developed, may also be divided into 
two or more sections. As the earth’s continents have their chief 
coast-lines running in directions corresponding to the two principal 
meridional sections, his contention is, that their east coast-line 
belongs to, and has been aligned, by the east-of-north meridional 
jointing; also that their west coast-line stands in corresponding rela- 
tion to the west-of-north section. 

Contending that jointing, slaty cleavage, great lines of faulting, 
continental coast-lines, and mountain chains are correlative phe- 
nomena, he feels himself powerfully sustained, not only by the 
parallelism between the United States coast and the Appalachian 
ridges, but equally by the corresponding parallelism of enormous 
faults—some with a down-throw of thousands of feet—which charac- 
terise this mountain system. One of the faults is known to stretch 
from Quebec to New Jersey! 

The disturbances which developed the “ great feature-lines”’ of 
our globe seem to have been in operation in pre-Cambrian periods. 
Evidences have been discovered in the Rocky Mountains, by Clarence 
King, of a mountain, or regional mass, defined in one tract by a 
nearly vertical cliff, which, with an altitude of 30,000 feet, was 
presumably in existence before the earliest paleeozoic deposits were 
formed. 

The agent which gave an east-of-north trend to the west coast of 
Europe similarly affected much of the north-west coast of Africa ; and 
seemingly it struck obliquely across the equatorial section of the 
Atlantic, re-appearing at Cape St. Roque, and proceeding onward, 
along the mountainous sea-board of Brazil, to the La Plata. Enor- 
mous as undoubtedly is this extent of coast-line formation, it is 
, surpassed by what is presented by the west coasts of the two 
Americas and the east coast of Asia; obviously the former, with its 
parallel mountain ranges, being in genetic relation with the west-of- 
north and median sections of meridional jointing, and the latter with 
the east-of-north section. — 

Attention is next directed to the great inland ranges constituting 
the Alps and the Himalayas. Both mountain masses have been more 
or less affected by forces exerted in directions belonging to the two 
principal sections of meridional jointing; but in both cases the phe- 
nomenon has been greatly swayed by movements presumably acting 
under the influence of the equatorial system. 

The disturbances which developed High Asia—a vast continental 
mass within a continent stretching from India to the tundras of 
the Taimyr peninsula, in Asiatic Siberia—have ridged it up trans- 
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versely into mountain chains, with intervening desert platforms. Its 
southern extremity is formed by the Himalayan and other ridges; 
their general level, from 20,000 to 24,000 feet in altitude, culmi- 
nating in still loftier peaks, some not far short of 30,000 feet. 
All the transverse ridges, in a great portion of their length, have 
an east and west course; while their terminations generally curve 
northwards. 

The development of High Asia is a vastly complex phenomenon, 
presumably resulting from disturbances which have been directed 
along different zones of weakness. The zone in correiation with equa- 
torial jointing seems to have been the medium through which the 
transverse ridges and their individual igneous axis were upheaved ; 
while those referrible to the two principal sections of meridional 
jointing may have similarly influenced their terminations on both 
sides of this huge plateau, especially in the region east of it; where 
mountain ranges, coast-lines, and off-lying islands all coincide in 
their strike with the east-of-north meridional jointing. The lofty 
parallel ridges east of Burmah, in being medio-meridional, are so far 
in conformity with the last-mentioned features. This abstract will 
scarcely permit of any reference being made to the equatorial exten- 
sions from the Pamir through Western Asia, &c. 

Respecting another prominent feature of our continents, it is 
assumed that the east-of-north and the west-of-north sections of 
meridional jointing have primarily marked out the sides of the 
triangle, under which form these great land masses are for the most 
part presented ; while the base of the triangle is ascribed to equatorial 
jointing. But it is not yet clear why the base of the triangle faces 
the north, and its apex points to the south. The writer thinks the 
solution lies in the fact that the greatest elevated land masses 
characterise the Northern Hemisphere and equatorial regions ; a dis- 
position which would cause a greater width of elevated land to he 
within the basal area of the triangle than at the apex. 

The question next suggests itself, arising from a consideration of 
all the phenomena noticed in the memoir,—if the original elevated 
plateaus have always existed as masses, having an elevation far above 
the bottom of the great intervening depressions (oceans)—how have 
they become covered up with oceanic sediments thousands of feet in 
thickness, and representing successive geological periods ? In this con- 
nexion it is argued that elevations of rock-masses are of two kinds :— 
one due to stratial disturbances, which for the most part have been ex- 
erted horizontally, or approximately so; and the other to vertical move- 
ments, extending over wide geographical areas. The author’s early 
attention was called to the latter class of movements by the beautifully 
developed series of terraces in the Burren of Clare, reaching to the 
height of nearly 1200 feet. He ascribes this particular instance to a 
slow upheaval of the district above the sea, the surface of each terrace 
representing the bottom of a shore-line—a plane of marine denuda- 
tion, and an apparent stoppage in the upheaval. The terraces of 


Kine—Preliminary Notice of a Memoir on Rock-jointing. 329 


Lochaber have been examined by him, with the result of his having 
become convinced that they are ancient sea-margins: 1495 feet is the 
height usually stated of these terraces; but he detected on the flanks 
of Ben Nevis and the opposite mountains the like features, which 
must reach to an altitude of between 2000 and 3000 feet. Besides 
the raised shell-beaches standing at a comparatively low level on the 
coasts of Norway, terraces have been lately observed and described by 
Dawkins, which occur on the Dovrefelds, at the heights of from 2000 
to 3100 feet. Darwin’s account of the remarkable examples that 
occur in Patagonia, up to the height of 1300 feet, leaves no doubt on 
the present writer’s mind that they have been formed by the action of 
the sea. Hector has described vast terraces on both the Atlantic and 
Pacific slopes of the Rocky Mountains, stretching from Athabasca 
River to Mexico, and rising one above another to heights ranging 
from 3500 to 4500 feet above the level of the sea. The late Daniel 
Sharpe made known the occurrence of lines of erosion on the inner 
and outer flanks of the Swiss Alps, at about 4800, 7500, and 9000 feet 
above the sea. And, to finish what could be made a much longer 
list, Rudolph Griesbach has described terraces in Natal lying at 
heights of about 1000, 2300, and 5000 feet: it would also appear 
that these correspond with certain of the plateaus common in the 
Cape Colony. In short, it may be safely stated that marine terraces 
are to be seen in every region of the globe. 

In the deep valleys of the lofty southern buttress—Great range of 
Thibet—terraces ascend to the height of 16,000 feet ; but as these may 
have been formed along the shores of elevated lakes, such as are now 
in Ladak and adjacent countries, it would be unsafe to classify them 
with the marine representatives that have been noticed. 

The writer, nevertheless, maintains that a number of geological 
evidences afforded by the vast area last noticed, combined with the 
proots already brought forward, establish the conclusion that vertical 
movements, equal to hemispheres in extent, have affected not only 
High Asia, but the entirety of the earth’s surface; elevating conti- 
nents, including their mountains and plateaus, at the same time 
uplifting the bed of the intervening oceans, thousands of feet above 
their present level; or plunging them as deeply in the opposite 
direction. 

Without denying that the level of the sea may have undergone 
great fluctuations at intervals during past geological time, and that 
such changes may have participated, to an extent far beyond what 
physicists and hydrographers are at present disposed to admit, in 
effecting phenomena which, for convenience sake, he collectively 
ascribes to vertical movements in the earth’s crust,—or, without 
offering any opinion respecting the hypotheses suggested by Babbage, 
Herschel, and others, as to the cause of phenomena of eleyation,—it 
does not appear improbable to the author that vertical movements 
have by slow degrees, and during a series of vast chronological terms, 
alternately elevated and depressed opposite areas corresponding in 
extent with a hemispherical division of the globe. 
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To illustrate this view, let it be assumed that one of our hemi-. 
spheres, haying attained its maximum elevation, is next to undergo 
subsidence. During this elevated period the /and surfaces of moderate 
height would be in what may be termed the first stage of depositional 
action, viz., the formation of suberial, fresh-water, and estuarine 
deposits: in the second stage they would be under marine conditions, 
producing littoral and deepish-water conglomeratic, arenaceous, argil- 
laceous, and calcareous beds: in the third stage they would be under 
pelasgic conditions, developing limestones, argillites, and siliceous 
rocks. Next, elevation having supervened, the fourth stage would be 
a repetition of the second, yielding comparatively shallow-water 
marine deposits, and terminating by passing into the first stage. 
Thus would our continents, notwithstanding their being at present at 
an average height of a few thousand feet above the sea-level, become 
over-laid by vast deposits of all kinds—those of any given stage being 
the equivalent of one of the formations, usually four, which consti- 
tute a geological system of rocks (take, for example, the Carboni- 
ferous System); and, moreover, the whole agreeing with the 
formations of a system in their usual order of superposition. 

A few points must be briefly added. It is not assumed that all 
great vertical movements have proceeded in the invariable course, and 
to the extent, vertical, or areal, as above illustrated; nor that they 
were unaccompanied by minor ups and downs. The hemisphere oppo- 
site to the one given as an illustration would be undergoing counter 
vertical movements. As to the deposits which were thrown down 
over the abysses of the oceans (Atlantic and Pacific) when the conti- 
nents were under pelasgic conditions, it is admitted they involve some 
questions difficult to answer, whether considered in connexion with 
Dana’s hypothesis, or the author’s. 

Obviously great recurrent climatal changes would result from 
these elevations and depressions; severe glacial conditions accompany- 
ing the one, and the replacement of the latter by genial ameliorations 
consequent on the other. 

The consideration of these points gives rise to the question, often 
debated ;—how has it happened that after the Pliocene period climatal 
conditions prevailed which converted a great portion of Europe and 
North America (there are grounds for excepting Northern Asia) into 
ice-covered regions; and that during the Miocene, or probably some 
portion of the Pliocene period, areas lying frem 10° to 20° of the 
North Pole, as it appears to some geologists, have enjoyed a climate 
approaching in genialness that of the south of Europe at the present 
day. The writer, rejecting all the hypotheses that have been offered 
in explanation of these climatal interchanges, maintains that they are 
mainly due to the afore-mentioned vertical movements. 

Confining himself to the climatal conditions which characterised 
Grinnell Land, Spitzbergen, and other Arctic areas during the Miocene 
period, as indicated by their plant-remains, he suggests that these 
and adjacent areas stood at a somewhat lower level relatively to the 
sea than at present; and formed an archipelago, freely permitting 
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currents, with a temperature slightly more elevated than that of the 
gulf-stream where it now strikes the west coast of Ireland, to bathe 
the coasts of its islands. Climatal amenities now prevail in Northern 
Scandinavia, the Kara Sea, and the Taimyr peninsula of Asiatic 
Russia: the last place, the most northern continental land of the 
globe, now supports an exuberant forest vegetation in a much higher 
parallel than anywhere else within the Arctic circle, and only about 
16° short of the North Pole: while the fact is evidently due to the 
presence of warm water carried by ocean currents, and by rivers (as 
the Yeneissi) from the south. Northern Siberia, in direct communi- 
cation with southern lakes and ocean streams, charged with warm 
water, and.in the condition of an archipelago ;—why may not its great 
forest belt be extended up to Spitzbergen and Franz Joseph Land—to 
parallels corresponding with those in Grinnell Land, which formerly 
supported the growth of a vegetation approximately similar in some 
respects to that now characteristic of Northern Italy and the Southern 
States of North America ? 

As to the long winter-night of darkness, and the long summer-day 
of sunlight, he is satisfied from adducible evidences, that, other things 
being favourable, such conditions would rather favour than impede 
vegetable growth. 

The memoir concludes with remarks on igneous disturbances. Ad- 
mitting the existence of a number which may be included in the 
equatorial system of jointing, it is stated that disturbances of the kind 
are for the most part limited to certain of the meridional zones of weak- 
ness. As is well known, a most important series of volcanoes charac- 
terises the west coasts of the two Americas, and a similar series lies 
off the east coast of Asia; belonging, in the author’s opinion, one to 
the west-of-north, and the other to the east-of-north section: both 
series become united in Behring Sea. Other writers, by connecting 
the equatorial series of volcanoes north of Australia with the 
above two, have constructed a ‘‘circle of fire,’? but, according to 
the present writer, with far too limited a range. He contends that 
the two meridional series (by pursuing a direct course, so as to 
embrace the Cocos Island, St. Paul’s, Kerguelan’s Land, Enderby’s 
Land, thence curving to Trinity Land, passing on to the South 
Shetlands, and through Fuejia into the Patagonian Andes), form 
but one—a great volcanic girdle; which may be said to stretch 
without interruption around the world, traversing the Arctic regions 
a few degrees east of the North Pole, and intersecting the Antarctic 
circle at a corresponding distance west of the South Pole; thus divid- 
ing the crust of the globe along its greatest zones of weakness into 
two nearly equal halves. 

As to reflections which may naturally arise in connexion with the 
last subject, it may be remarked that the writer is, scientifically, too 
much of a teleoptomist, too extravagant a timist, and too little of 
a catastrophist, to entertain any involving serious or disquieting ap- 
prehensions. 
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LIII.—On somn Anomatovs Srructures Iv Human Anatomy. By 
J. F. Kyort, F.R.C.8.1., L.K.Q.C.P.1., Demonstrator of Anatomy, 
Royal College of Surgeons, Ireland. 


[ Read, December 8, 1879: ] 


THe anomalous structure to which I have the honour of calling the 
attention of the Members of the Royal Irish Academy was discovered 
in the dissecting-room of the School of the Royal College of Surgeons. 

I had been assisting in the dissection of the spinal cord and the 
ligaments of the vertebral column of the subject on which it was 
found. ‘Those of the two upper vertebree were left till the last, as I 
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Fig. 1 represents the parts, and gives a good idea of the connexion of the ligament 
in question with the upper margin of the transverse ligament—a, superior 
appendix of cruciform; 4, upper part of transverse ligament; c, ligamentum 
transversale occipitale. 


had already intended to examine them with special attention. The 
posterior part of the occipital bone had been removed in the course of 
the dissection, as well as the lamine of all the vertebre. The 
posterior common ligament of the spine had been examined, and its 
prolongation into the cranium through the foramen magnum traced 
along the upper surface of the chvus as far as the upper margin of 
the dorsum selle and the posterior clinoid processes. After the removal 
of this structure the apparatus ligamentosus was defined, but no 
peculiarity was observed to exist either in its structure or attach- 
ments. This having been in its turn taken away, and the subjacent 
bursa examined, I proceeded to define the outlines of the cruciform 
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ligament. I now observed what I at first took for a disproportionate 
increase in the depth of the transverse ligament. On examining 
more carefully, however, I soon found that the upper bundle of 
transverse fibres, which caused the apparent increase in depth of that 
ligament, was attached—not to the lateral masses of the atlas, but—to 
either margin of the foramen magnum, and formed a strong, rounded, 
and perfectly separate ligamentous cord, stretching across the foramen 
magnum from the posterior part of the tubercle for the check liga- 
ment on one side to the corresponding point on the other. Its lower 
margin, which had at first sight appeared to be fused with the 
transverse ligament, was found to be easily separated from the latter, 
as the adjacent margins of the two structures were merely connected 
by a little loose areolar tissue. The appendix superior ascended from 
the upper margin of the transverse ligament, behind the other band, 
to its usual point of attachment. 


> wt Fr 
SF 


Fig. 2 gives a good idea of its relation to the check ligaments: the latter were 
exposed by division of the other ligaments connecting the atlas with the 
occipital bone, and then separating the two bones by traction—a, superior 
appendix of cruciform; 4, upper part of transverse ligament; ¢, ligamentum 
transyersale occipitale. 


When the latter structure was forcibly drawn upwards from the 
upper margin of the transverse ligament, the apex of the odontoid 
process was brought into view, and the check ligaments were seen 
proceeding therefrom, one on either side, obliquely outwards and 
upwards, with a slight inclination forwards to their usual points of 
attachment, which in this case was immediately in front of, and 
indeed partially blended with, those of the ligament which forms the 
subject of the present communication. 

Having never before met with anything similar to this liga- 
mentous band, my curiosity was considerably excited by its appear- 
ance, and this feeling was not diminished when I found, on showing 
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the specimen to Professor Macalister, that no corresponding structure 
had been observed by him before. He informed me afterwards, how- 
ever, that a ligamentous band, having the position and attachments 
of the one in question, was described by Lauth as a normal structure in 
human anatomy. Lauth has given it the name of ligamentum transver- 
sale occipitis, and describes it in the following words :—‘‘ Unmittelbar 
uiber diesen Bindern! findet man das Queerband des Hinterhauptbeins 
(L. transversale occipitis), welches von einer seite des Hinterhaupt- 
loches an die andere geht, ohne sich an den Zahnfortsatzes zu 
heften.”-—( Anatomie, Bd. i. s. 101). 

I have since found that it is noticed in the French work of 
Beaunis and Bouchard under the name of ‘‘ ligament transverse occipital 
de Lauth” (8™° ed. p. 183). These anatomists look upon it as being 
formed by the superior fibres of the check ligaments, passing, as they 
describe it, without interruption from one occipital condyle to the other, 
over the summit of the odontoid process. Luschka, in his very perfect 
description of the anatomy of this part, also observes that it is not un- 
usual for the uppermost bundles of fibres of the check (superior lateral) 
ligaments to interlace with one another so as to form an upper ligamen- 
tum transversale. From his description, however, I am not disposed 
to think that he ever saw it largely developed as an independent 
structure. Henle (Binderlehre) also describes an inconstant mem- 
branous band formed by a few of the fibres of the check ligaments 
interlacing with one another in the middle line behind the upper part 
of the odontoid process, and so stretching across from one occipital 
condyle to the other; but even he does not mention any case in which 
it had been seen to attain anything like a considerable size, although 
he quotes all the known deviations from normal structure in this as 
well as in other regions of the human body. A shght allusion is 
also made to the interlacement of some of the upper fibres of these 
ligaments in Quain’s Anatomy (8th ed.), but not in such a manner as 
to lead the reader to expect that a strong separate band might be 
found in this situation. 

From the evidence brought forward, I think myself justified in 
describing the specimen before the Academy to-night as an anomalous 
structure, and one of some interest, as must all the structures be, normal 
and abnormal, which enter into the formation of the very important 
articulations which connect the vertebral column with the brain-case, 
and which, accordingly, are concerned in the preservation of the vital 
structures which lie in their immediate neighbourhood. I should, 
however, have hesitated to bring it under the notice of anatomists if 
I had not been encouraged by Professor Macalister; to whose kindness 
and courtesy I am indebted for the chief part of the information 
which I have been able to collect on the subject. 


1ie., Ligamenta alaria. 
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LIV.—Nore on THE OccURRENCE oF A PREMAXILLO-FRONTAL SUTURE 
IN THE SKULL oF THE Koata (PHAscoLaRcTos CINEREUS). By 
H. W. Macxrytosu, Professor of Zoology, Trinity College, Dublin. 
(With Plates X. to XIII.) 


[Read, November 29, 1879. ] 


In the collection of the Museum of Anatomy and Zoology of the Univer- 
sity there is a skeleton of the marsupial Koala (Phascolarctos cinereus, 
Fischer), the skull of which, while normal in other respects, exhibits 
a distinct contact between premaxille and frontals, an arrangement 
which, so far as I can ascertain, has not yet been described. The 
animal to which the skeleton belonged had been obtained some years 
ago by Professor Macalister (to whose courtesy I owe the present 
opportunity of describing the skull), who published an account of its 
anatomy in the Annals and Magazine of Natural History for 1872, 
Wolkex. ps 127. 

In the Museum of the Royal Dublin Society there is another 
skeleton of Koala, the skull of which Dr. Carte, the Director of the 
Museum, has kindly allowed me to examine; and in it I find also a 
premaxillo-frontal suture, but it is apparent only on the right side, 
where it is very small, being less extensive than that on the left side 
in the specimen here figured. In their general features they both agree 
with the descriptions given in manuals and memoirs, and on com- 
paring them with the drawing published by Owen,' I find that the 
resemblance is sufficiently close in other respects. 

In its cranial osteology the genus Phascolarctos departs, as is well 
known, from many of the characters of the Didelphs, and suggests 
sundry resemblances to Monodelphian skulls. Thus, for instance, the 
zygomatic arches are very long, and run parallel to the axis of the 
cranium, as in no other living marsupial, and only to a comparatively 
slight degree in the fossil Nototherium. Then we notice the large 
tympanic bulle (which have been compared to those in the pig), the 
abruptly truncated nasal aperture, the rounded premaxille, the 
prominent paroccipital processes, and the vertical supra-occipital, all 
rodent characters, and each of which connects the Koala with some 
other marsupial genus, as I shall presently point out. 

On examining the anterior part of the skull (Plate X., fig. 1), it 
will be seen that the ascending process of the maxilla (7), which, in all 
the other marsupials which I have examined, comes into contact with 
the nasal (8) of its own side, and interposes between the premaxilla (9) 
and frontal (4), is here shorter than usual, and thus these two bones 
come into contact slightly, but distinctly, on the right side, and to a 
much more marked degree on the left. In a skull of the same animal, 
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in the Museum of the Royal Dublin Society, the arrangement differs 
slightly from this, for there the suture on the right side is present, 
though much smaller than that figured above, whilst on the left side 
a very small bar of bone, not more than one-twentieth of an inch in 
width, runs across from the frontal to the maxilla, and prevents the 
contact of premaxilla and frontal. 

As there are only the two skeletons of the Koalain Dublin, I cannot 
say whether this suture is characteristic of the genus; but in the drawing 
of the skull published by Owen? there is no appearance of it, nor in 
the various allusions to it which I have met with can I find any notice 
of it. On the contrary, it is generally laid down as a character of the 
marsupials, that the premaxilla never quite reaches the frontal, so 
that I am inclined to think that its presence in these two specimens 
is due rather to individual variation. 

As regards the degree of extension of the premaxilla on the upper 
surface of the skull, there is a good deal of difference amongst 
Didelphs, as may be seen by the figures which I have drawn from 
specimens in the Museum of Anatomy and Zoology. Thus Phas- 
colomys fossor (Plate XIII., fig. 8) has the largest premaxilla,? which 
exceeds that in P. latifrons, Owen (Plate XI., fig. 4). Next in order 
would seem to come Phalangista vulpina, Desm. (Plate XIII., fig. 9), 
where the premaxilla is of a massive character, like that of Phascolo- 
mys; then would come Halmaturus ualabatus, Less. (Plate XII., fig. 6), 
and its ally Macropus gigantea, Shaw (Plate XII., fig. 5), which 
scarcely, if at all, proportionally, exceeds Sarcophilus ursinus, Geoff. 
(Plate XIII., fig. 10); and finally, there is Didelphys canerwora, 
Gomel (Plate XI1., fig. 7), in which there is about the smallest extent 
of premaxilla, at least in the series which I have examined. Thereis, 
however, in the Museum a skeleton of Petaurus ariel, Gould, in which 
the premaxilla seems to reach very nearly, if not quite, up to the 
frontal; but the ossification of the skull has been so complete that the 
sutures are almost entirely obliterated, and I have not been able, in 
spite of careful examination, entirely to satisfy myself of their contact. 

In comparing the skull of the Koala with those of other marsupial 
genera, we may notice that, while possessing strongly marked 
characters of its own, it presents many features which are repeated 
in the other forms. Thus we notice the parallel zygomata, as in 
Nototherium ; the large tympanic bulle, like those of Petaurus; the 
large par-occipital processes, which resemble those in the Kangaroo, 
to which there is a further likeness in the rounded premaxille ; the 
vertically placed supra-occipital, as in Phascolomys, and the truncated 
nasals resembling those in Sarcophilus. 

A premaxillo-frontal suture does not appear to be common 
amongst mammals, nor, indeed, amongst vertebrates. It is to be 


2 «(On the Fossil Mammals of Australia,’ Phil. Trans., vol. clxii. part 1. 
3 Owen says that Phascolomys has the largest premaxilla, but he seems not to 
have met with a Koala with a premaxillo-frontal suture. 
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found, so far as I know, generally in Cetaceans, in the elephant, 
and, as a rule, in Rodents, the hares being a frequent exception. I 
have observed a very small, but distinct, suture on both sides of the 
skull in the hedgehog, but it does not exist in the specimens of 
Centetes and Myogale, which are the only other genera of Insectivora, 
the skulls of which are in the Museum. In all the other classes of 
mammalia the premaxille are either small, or even when of con- 
siderable extent are prevented from reaching the frontals by the 
greater development of either nasals or maxille. 


DESCRIPTION OF THE PLATES. 


The following references are adopted throughout :— 


1. Supra-occipital. 6. Lachrymal. 

2. Parietal. 7. Maxilla. 

3. Squamosal. 8. Nasal. 

4, Frontal. | 9. Premaxilla. 

5. Jugal. | 10. Tooth. 
PLATE X. 


Fig. 1.—Skull of Koalu seen from above, showing the premaxillo-frontal suture 
well marked on the left side, and its extension on the right. 


PLATE XI. 


Fig. 2.—Anterior part of same skull, right side. 
Fig. 3.—Anterior part, left side. 
These figures are slightly enlarged, and are introduced to show the 
relations of the premaxille and frontals, without the fore-shortening, 
incident to a top view. 


Fig. 4.—Anterior part of skull of Phascolomys latifrons seen from above. 


~ 


PLATE XII. 


Fig. 5,—Anterior part of skull of Macropus gigantea seen from above. 
Fig. 6.—Anterior part of skull of Halmaturus ualabatus seen from above. 
Fig. 7.—Anterior part of skull of Didelphys cancrivora seen from above. 


PLATE XIII. 


Fig. 8.—Anterior part of skull of Phascolomys fossor seen from above. 
Fig. 9.—Anterior part of skull of Phalangista vulpina seen from above. 
Fig. 10.—Anterior part of skull of Sarcophilus ursinus seen from above. 


The figures from Plate XI., fig. 4, to Plate XIII., fig. 10, are intended to show 
the extension upwards of the premaxilla towards the frontal in the different 
genera and species which I have been able to examine. All the figures are natural 
size, except figs. 2 and 3, which are slightly enlarged. 
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LV.—Evrires, or Basic Ferstones or Srrvrtan AcE. By G. H. 
Kiyagaw anp Grrrarp A. Kryanan. 


[Read, April 26, 1880.] 


In the Irish Silurians, that is, including under this name both the 
rocks containing the typical Silurian fossils, and also those commonly 
called Lower Old Red Sandstone (the ‘‘ Glengariff grits,’”’ and ‘‘ Dingle 
beds” of Jukes), there are felstones which seem to be typical of the 
formation. They are basic, the ‘‘ Eurites” of Daubuisson (from eureo,. 
to flow easily, on account of the facility with which they melt before 
the blow-pipe), and belong to the ‘‘ Hybrid rocks” of Durocher. 
The geological position of the Silurian eurites is fully given in the 
Report on the Rocks of the Ballaghaderreen and Fintona districts. 

In Munster, the granitic roots of these rocks have not been ob- 
served, although in places in the intrusive portions they partake more 
or less of elvan characters, as they contain free quartz; in Galway, 
however, they can be traced down into a true granite, and in 
N.E. Mayo into elvan; while in Tyrone there are granites and elvans 
which are evidently the granitic roots of the interbedded eurites. 
What may be an important character in these rocks is the presence of 
carbonates of iron and lime; sometimes abundantly. In this Report, 
it is proposed to describe some of the euritic rocks of Kerry, N. W. 
Galway, and 8. W. Mayo. 

We are indebted for valuable aid to Professor O’Reilly, M.R.1.A., 
of the Royai College of Science, who allowed us the use of his well- 
arranged mineralogical laboratory and his microscopes, besides free 
access to his excellent type collections of rocks, minerals, and micro- 
scopic slides. 

During our examination we have consulted several works on the 
microscopical study of rocks, especially those of F. Rutley, on Zhe 
Study of Rocks ; F. Zirkel, Microscopie Petrography ; and F. Fouqué, 
Santorin et ses eruptions. 


Part I.—Rocks of Kerry, N.W. Galway, and S.W. Mayo. 


In the counties Kerry and Cork, south of a line drawn east and 
west along Dingle Bay, the Silurian rocks are of the type called by 
Jukes ‘‘ Glengariff grits.” In these rocks there are masses of eruptive 
rocks appearing in the vicinity of Valentia harbour, and southward of 
Killarney, in the neighbourhood of Lough Guitane, between Man- 
gerton and Glenflesk. 

In the vicinity of Valentia harbour the majority of the eruptive 
rocks are so basic that they must be classed as either gabbros or 
dolerites ; but those near Lough Guitane are eurites of Daubuisson, 
and belong to the typical basic felstones of the Irish Silurians. 
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From the latter area two specimens are exhibited ; both show the 
gradual merging of the rock into elvan, as they contain free quartz. 
This, however, might be expected, as one of the specimens is from the 
intrusive mass, while the other is from the vicinity of it. 

That from Lough Guitane, near Killarney, is a specimen of a 
dark-green feldspathic rock ; it has a specific gravity of 2°63. The 
macroscopic examination of it shows it to consist of a finely granular 
ground-mass or matrix, scattered through which are small crystals of 
feldspar, some of which appear to be orthoclase, while others are 
triclinic; some have striz on the basal section, some are of an opaque 
white, with bluish tinge; there are also crystals and blebs of quartz. 
On looking through a thin section of this rock, a structure appears in 
the ground-mass which might be described as a banding, being a 
series of alternate semi-opaque and more pellucid parallel bands.. The 
feldspar is cloudy, the quartz clear. 

Microscopically, the ground-mass of this rock consists of a crypto- 
crystalline base, with numerous crystallites of feldspar (both ortho- 
clase and triclinic) quartz, small fragments apparently of hornblende; 
in some places long acicular crystallites or crystalloids, sometimes 
grouped radially, which are clear and pellucid. A chloritic mineral 
(viridite), and a dusty-looking opaque granular mineral (opacite) occur 
plentifully, ferrite sparingly. In a few places aggregate polarization 
occurs, consisting of a clear, circular portion with a dark cross, 
which rotates on rotating the polarizer, but remains stationary on 
rotating the slide. The banding noticed in the macroscopical exami- 
nation seems, with polarized light and under a power of one hundred 
diameters, to be due to a difference in the degree of crystallization, 
the more largely crystalline bands being the more pellucid. In this 
ground-mass are developed the macroscopical crystals of feldspar and 
quartz. The feldspars, as already mentioned, are both orthoclase and 
triclinic ; some of them being very peculiar, showing a remarkable 
banding or interlamination under polarized light. Under ordinary 
light they appear rather clouded, from containing opacite; some of 
them are imperfect, and seem to have been broken subsequently to 
their formation, some of the ground-mass having evidently intruded 
between the fractured portions. The bright little specks occurring in 
these feldspars under polarized light are found, when examined 
under a higher power (800 diameters), to be little iridescent 
patches, and are probably thin films of calcite. On applying hydro- 
chloric acid to the specimen, a slight effervescence takes place, about 
and along certain lines in the feldspars, and at little specks through 
the ground-mass, indicating, probably, films and specks of calcite. 
Large quartz crystals are not well represented in the slide; generally 
the quartz is in small, rounded patches, though in some cases in well- 
crystallized forms; all are clear. Some of the larger pieces contain 
stone enclosures. 

The specimen from Binaunmore, Co. Kerry, is that of a compact, 
olive-green rock, having a specific gravity of 2°63. The ground- 
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mass or matrix shows a minutely granular texture ; in it are enclosed 
small rounded blebs of quartz, with crystals (some twins of the 
Carlsbad type) of orthoclase and of triclinic feldspars; some of the 
latter are like labradorite. In thin sections the feldspars are 
generally of an opaque white, and are apparently much altered. 
There are also small fragments of a greenish mineral, having their 
longer axes lying in one general direction, giving the slide a foliated 
appearance. In the specimen a few crystals of a green earthy 
mineral are visible, probably an altered hornblende. 

Microscopically, the ground-mass of this rock is cryptocrystalline ; 
that is, though evidently crystalline, the component minerals are 
not recognisable. Scattered plentifully through it is a fine opaque 
dusty-looking mineral (opacite), and a green chloritic mineral 
(viridite), which, together, give the slice a banded or fluidal struc- 
ture, circling round and tailing out behind the larger crystals. 
Scattered through the ground-mass are the macroscopic crystals of 
feldspar, which, in general, have not sharply-defined angles. In 
many cases, under ordinary light, they have very much the same 
structure as the surrounding matrix, being scarcely distinguishable 
from it, except on account of a clearer margin along the boundary, 
while in other cases they are more impellucid than the matrix; 
but under polarized light they are plainly discernible; as under 
crossed Nicols the matrix presents a speckled grey appearance, 
while the feldspars are either of a uniform light tint, or else 
exhibit the banded structure, with iridescent specks, as detailed 
in the description of the Lough Guitane rock. The quartz is clear, 
but contains bays and enclosures of the matrix (stone enclosures). 

At Clogher Head, Dingle Promontory, the eurites appear to be inter- 
stratified with rocks containing typical Silurian fossils. The specimen 
taken thence is a pink-brown-coloured eurite, having a specific 
gravity of 2°71. The ground-mass is a pink-brown feldspartic matrix, 
through which are scattered small crystals of orthoclase (some Carls- 
bad twins), and triclinic feldspar (probably both labradorite and 
oligoclase). These crystals are mostly long and slender; but some 
are broken, apparently along a twin plane, and the ground-mass is 
forced in between the fractured portions. In thin sections there is a 
banded appearance in the slice, some of these bands being more 
impellucid than the rest; they lie in one general direction. On 
treating the specimen with hydrochloric acid, effervescence takes 
place around some of the triclinic feldspars, also along lines or cracks, 
and at little specks through the ground-mass. 

Microscopically, the ground-mass is composed of a microfelsitic base, 
containing small crystalline particles of quartz, feldspar, viridite, 
and opacite, exhibiting a slight fluidal structure. Through this 
microfelsitic base are bands having a microcrystalline structure, com- 
posed of quartz and feldspar; and through this ground-mass are 
developed porphyritically crystals of orthoclase feldspars, more or less 
clouded, with twinning, some being broken. There are also feldspars 
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exhibiting the interlamellar structure described in the previous rocks. 
Most of the crystals contain numerous enclosures, some of which are 
recognizable as chlorite and opacite. Alteration appears to have 
taken place extensively through the mass; secondary products, some 
of which appear to be calcite, occur, fillmg up the interstices. 

At Loughnafooey and the adjoining country, both in Galway and in 
Mayo, are large tracts of eurites and their associated tuffs, partly in- 
trusive, but generally interbedded. The specimen examined is from 
one of the intrusive portions, and has a specific gravity of 2°62. 
The ground-mass or matrix of this rock is very slightly granular, and 
through it are scattered fragments of quartz, as also rounded portions 
of a waxy-looking feldspar, probably triclinic; in some of these an 
effervescence takes place, when the specimen is treated with hydro- 
chloric acid, probably due to films of calcite in cracks through the 
minerals. Small earthy portions, having the form of orthoclase, 
occur through the mass, as also fragments of a dark-green mineral. 

Microscopically, the ground-mass is cryptocrystalline, and through it 
occur fragments and crystals of quartz, feldspar, and microlithic por- 
tions of hornblende. Ferrite is sparingly represented; opacite occurs 
plentifully, particularly round the edges of the quartz. The feld- 
spars are, for the most part, more or less decomposed, but triclinic 
twin structure is still apparent in many; in others there is left but 
an outer shell, the whole interior being replaced by an earthy, almost 
impellucid, substance. In places there are fragments of calcite; in 
one case, a fragment of what was apparently once feldspar is now 
represented by calcite. Apatite is recognizable in long acicular crys- 
tals in some of the more pellucid feldspars. Some of the feldspars 
show the interlamellar structure before described. The fragments of 
quartz are clear, and contain some large stone enclosures and glass 
cavities. 

In the Silurians north of Killary Harbour, at Bundorragha, and 
to the west and east thereof, there are thick interbedded masses of 
eurites, from one of which the specimen now to be described was 
taken, the rock having a specific gravity of 2°66. There are some re- 
markable differences between this rock and that next to be mentioned ; 
as, although both are from the same neighbourhood, there is in the 
latter a considerable quantity of carbonate of iron, although at the 
same time its specific gravity (2°60) seems to be lower. The 
ground-mass is a dense purple-brown matrix, having a slightly 
resinous lustre, through which are scattered crystalline particles, 
which, though tolerably abundant, are relatively small, and consist of 
quartz and feldspar, the latter mostly having a pearly lustre; some 
present a structure that is very like that of labradorite. In thin 
sections the ground-mass appears brown and fine-grained; and scat- 
tered through it are some comparatively large crystals and patches of 
quartz, containing stone enclosures, as also numerous small patches 
of clouded feldspar. 

Microscopically, the ground-mass might be described as a micro- 
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felsitic base, with numerous minute microcrystalline particles scat- 
tered through it. Through this matrix are scattered crystals and 
fragments of feldspar, both orthoclase and triclinic; the latter being 
the more abundant, though the fragments are, as a rule, smaller than 
those of orthoclase. Many of the fragments are clouded, some greatly 
altered, so that it is difficult to say whether they are orthoclase or 
triclinic ; in a few cases, both varieties appear to occur in the same 
particle. The interlamellar structure before described is to be ob- 
served in some. The quartz crystals contain stone enclosures, while 
chlorite and opacite occur in the ground-mass; the former were also 
observed in some of the quartz crystals. Through the ground-mass 
there are portions that seem to have been geodes; on the sides of 
these are microcrystalline particles of feldspar and quartz; the inter- 
stices have since been filled with some secondary product. 

Another specimen, from the bedded masses near Bundorragha, 
has a specific gravity of 2°60. It consists of a brown felsitic ground- 
mass, having a finely-granular texture, through which are scattered 
blebs of quartz, and also crystals of feldspar having a pearly lustre, 
with patches of a brownish mineral (carbonate of iron) which effer- 
vesces copiously on the application of hydrochloric acid; effervescence 
also takes place in minute specks through the ground-mass, particu- 
larly at some little green patches, as if carbonate of iron were very 
prevalent in the rock. The slide shows the ground-mass to be com- 
posed of a compact brown matrix, through which are numerous 
minute fragments of a fibrous-looking mineral, a few large fragments 
of quartz, a clear feldspar with numerous irregular lines through it, 
also a clouded feldspar, and a brown mineral (iron). There are also 
minute cavities round which are incrustations. 

Microscopically, the specimen consists of a cryptocrystalline matrix, 
alteration-products occurring plentifully ; few recognizable minerals 
occur; but there is a cloudy altered feldspar, which appears to be 
orthoclasic, and also a clear, homogeneous, triclinic feldspar with 
numerous irregular lines passing through it, along which alteration 
has taken place; quartz is present in small quantities, and scales of 
iron carbonate. 
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LVI.—Surrosen Urrrr Campritan Rocks In THE Counties oF Tyrone 
AND Mayo. By G. H. Kinanan, M.R.I.A., &. 


[Read, December 8, 1879. ] 


Durine the examination of the Fintona and Curlew Mountain districts, 
for the purpose of preparing the Report to the Academy thereon, the 
wild hilly tract of metamorphosed rocks extending from a little south 
of Cookstown westward towards Omagh was explored. In this area 
some of the more notable hills are Craigballyharky, Craigardhessiagh, 
Garragrim, Creggaunconroe, Carrickmore, &e. Reasons will now be 
given for believing that the metamorphic rocks of this district are of 
Cambrian age. 

Let us first consider their stratigraphical position. This will be 
best determined, if it can be determined, by their apparent relations 
with the fossiliferous rocks of the small district at Pomeroy, which, 
from their fossils, are generally regarded, and with good reason, as 
Cambro-Silurian ; though this cannot be said to be absolutely proved 
(they may well be of similar age to the English Caradoc). The 
principal points in favour of this conclusion are their similarity to the 
fossiliferous rocks which, at Lisbellaw, in the Co. Fermanagh, are 
undoubtedly covered unconformably by the red arenaceous Silurian 
rocks (Dingle grits). Moreover, in the low country a little north of 
Creggaunconroe, the numerous large angular blocks of the arenaceous 
red Silurian rocks seem to be nearly im situ, which would suggest that 
an outlier of these rocks rests directly on the metamorphic rocks. 
It has been suggested that these blocks have been carried northward 
to their present site by ice; but the weight of evidence seems to be 
against such a supposition. First, the shapes of the bosses of rock in 
the hills northward of Pomeroy seem to indicate that the ice was going 
southward ; secondly, the drift of the country south of these hills is 
largely made up of the debris of these rocks; and thirdly, no large 
blocks of these arenaceous red Silurian rocks are found in the country 
between this assemblage of blocks and what are evidently their parent 
rocks near Pomeroy. This, however, aithough suggestive, is not of 
great weight; for if the ancient metamorphic rocks were hills in the 
Silurian sea, arenaceous deposits may have accumulated on one side, 
and argillaceous on the other. The age of these Pomeroy fossiliferous 
rocks is a subject that I hope to enter into more fully at a futnre 
time. 

These altered eruptive and sedimentary rocks are undoubtedly of 
much greater age than the overlying fossiliferous Pomeroy rocks; as 
they were contorted, ruptured, upheaved, metamorphosed, and de- 
nuded prior to the latter accumulating on and against them. If the 
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Cambro-Silurian age of the Pomeroy fossiliferous rocks is conceded, it 
simplifies the matter; as the rocks in the hills to the north and north- 
west are much older, and must, therefore, belong either to the 
Cambrian or an older formation. To the northward and north- 
westward sides of the altered eruptive rocks of the hills there is a 
considerable thickness of apparently overlying schists, generally sup- 
posed to be metamorphosed Cambro-Silurian. 

The conclusions I have drawn from the apparent stratigraphical 
position of the rocks now under consideration seem to be strongly 
confirmed by the petrological characters of the eruptive rocks associ- 
ated with them. 

In Craigballyharky and its neighbourhood the rocks are princi- 
pally varieties of hornblende rock, that is, basic eruptive rocks and 
tuffs, which have been changed by metamorphic action. These, as is 
usually the case, are very variable in composition ; as, however, they 
are more or less similar to the different varieties of hornblende rock in 
West Galway, elsewhere described,’ it is unnecessary to re-describe 
them here. Traversing and breaking up through these rocks, especi- 
ally in Craigballyharky, are veins of Galway granite of the ‘“‘Omey 
type,” and a black granite very like one found near Furbogh and 
in other places in West Galway, except that in the Co. Galway 
amphibole and titanite are not uncommon in it, while in the Co. 
Tyrone they seem to be rare. 

In the neighbouring hills (Craigardhessiagh and Garragrim) the 
rocks, for the most part, bclong to an intrusion of the ‘‘Omey type” 
granite. They are, however, more or less cut up and traversed by 
dykes and courses of a very siliceous compact granite, common as a 
vein rock in Galway, and similar to the rock called granitite by Rose. 
The mass of the granite in this hill has been called ‘“‘ Syenitic 
granite,’ by which, I suppose, hornblendic granite is intended. The 
rock, however, seems scarcely to come under this classification, as its 
essential constituents are quartz, two, and in places three, feldspars, 
black and white micas, the first predominating ; pyrite, and in places 
amphibole: the last, however, seems to be more an accessory mineral 
than an essential. In every respect this rock agrees with that 
described in the Memoirs of the Geological Survey as the ‘“‘Omey type” 
of the Galway granite. 

In the western part of the district now described, the rocks are 
principally varieties of hornblende rock very similar to those found in 
Errisbeg, Errismore, and other places in West Galway ; while here, as 
there, some of the rocks are changed by methylotic action into 
ophite, steatite, and allied rocks. These rocks in West Galway are 
found in the uppermost portion of the ‘‘ Great Micalite series,” which, 


1 <¢ Graniticand other Ingenite Rocks of Yar Connaught and the Lower Owle,”’ 
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KinaHan—On Supposed Upper Cambrian Rocks. 345 


I think, are probably equivalents of part of the ‘‘ Arenig group”? of 
Wales, put by some geologists among the Cambrians. 

These two lines of evidence, stratigraphical and petrological, 
point to the same conclusion, that these Tyrone rocks now in question 
are of Cambrian age. 

It may here be mentioned incidentally, that breaking up through 
these metamorphic eruptive and sedimentary rocks are masses of a much 
more recent granite, or elvan, similar to the pre-Carboniferous granite 
rocks at Carndaisy, Co. Derry, and more or less like the granite and 
elvan of Lugnanoon, Co. Galway. As this granite, in the intrusion 
near Mullanmore Bridge (north of Carrickmore, or Termon Rock), 
graduates into elvan, and the latter into a quartzitic eurite, closely 
allied in composition to the eurites which, south of Pomeroy and 
elsewhere, are interstratified with the arenaceous red Silurian rocks, 
we have a right to suppose that here, as in West Galway, and South- 
west Mayo, these granites and elvans are the granitic roots of the 
Silurian bedded eruptive rocks. 

The second tract to which I would direct attention is in North- 
east Mayo, southward of Charlestown, and westward of Ballaghader- 
reen. The rocks of that area were classed by Griffith, and subsequently 
by Jukes, as ancient metamorphic rocks; but more recently they have 
been called ‘‘ Felstones” and ‘‘ Upper Silurian.” 

Mapping some of these rocks as felstones is so far correct, that 
the rocks so called are granulites, or leptynites (metamorphic fel- 
stone), rocks which many petrologists include among the felstones ;? 
but mapping any of them as ‘“ Upper Silurian” must be incorrect, as 
it is evident that these metamorphic rocks were ruptured, upturned, 
metamorphosed, and denuded prior to the still unaltered Silurian 
rocks being deposited on them. In the conglomeritic Silurian rocks 
of Cranmore and elsewhere fragments of these metamorphic rocks are 
conspicuous. 

These metamorphic rocks in the country southward of Charles- 
town are in many respects very like those in the Tyrone hills to the 
north of Pomeroy; but -we cannot speak of them so confidently, 
because— 

First, only a small tract is exposed, which at one side is overlaid 
unconformably by Silurian rocks, and on the other by Carboniferous; 
therefore, although we are aware that they must be older than the 
Silurian, yet we cannot positively prove that they do not belong to 
the Cambro-Silurian. 

Secondly, in many respects they are more or less similar to some of 
the rocks of the Doolough and Lettermullen series (S. W. Mayo and 
West Galway), in which are fossils pronounced to be Cambro- 
Silurian. 


? Rutley says that granulite, or leptynite, has the same relation to felstone as 
gneiss has to granite. 
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What I, therefore, now put forward in respect to the Cambrian 
age of the rocks now in question is only conjectural. It would 
appear to me that they are a portion of the rocks which occur in the 
hills called Benbo and Slieveslish, south and eastward of Lough Gill, 
Co. Sligo. These latter rocks are very similar to some of the lower 
rocks in the West Galway section ; rocks which, as shown in former 
Papers read before the Academy and elsewhere, are probably Upper 
Cambrians below the passage beds between the Cambrian and Cambro- 
Silurian formations. 
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LVII.—On tue Ostzotocy or two Necrozs. By ALEXANDER 
Macatister, M. D., Professor of Anatomy and Chirurgery, Uni- 
versity of Dublin. 


[Read, November 30, 1880.] 


Two well-grown male adult Negroes were received, in the ordinary 
course of subject-supply, in the Dissecting Rooms of the University, 
and, as in this country the opportunities of such dissections are rare, 
I put their bodies into the hands of the most careful and senior of 
our students, who, under my constant personal superintendence, made 
very thorough examinations of all the systems of their bodies. 

In this and the following short records I have summarized the 
results of the notes made by these gentlemen. 

It is rather remarkable that while in the ordinary course of things 
it might be expected that Negroes would form a large proportion of 
the subjects dissected in America, yet the anatomists of that country 
have not given to us, in anything like an exhaustive manner, a record 
of the presence or absence of peculiarities. The few meagre anato- 
mical notes hitherto published in that country are only sufficient to 
stimulate the curiosity of anatomists, not to satisfy it. 

The Negroes were both of pure African descent, well developed, 
full-grown, born in the West Indies, sailors. No. 1 was smaller, 
older, about 44; No. 2 was 5 feet 11 inches in height, largely de- 
veloped, younger, about 35. The skeletons of both have been care- 
fully prepared, and are now placed in the Ethnological Collection 
in the College Museum. From these I have made the following 
notes :— 

The skull of No. 1 is prognathous, dolichocephalic, mesoseme, 
platyrhine, hypselocephalic, mesorhine. Its facial angle, as measured 
by the alveolar index, is 1066, and its measurements are as fol- 
lows :— 

Fronto-iniac arch 310mm., long diameter 178mm.; intermastoid 
arch 370mm., intermastoid diameter 128 mm., greatest width 131 mm.; 
height 139 mm. 

The sagittal suture is partly ankylosed, simply toothed. There is 
a large left and small right parietal foramen; a small wormian bone in 
the parieto-mastoid suture on each side; a short sphenoparietal suture 
13mm. long on both sides. There is no posterior condyloid hole, 
and the condyles are unsymmetrical, the right being shorter and 
divided into two facets; the left longer and undivided. The right 
anterior condyloid hole is divided by a septum, and the jugular emi- 
nences are large, projecting on one side into a kind of paramastoid pro- 
cess, while there is a small spur in front of the left condyle like a trace 
of the third occipital condyle. 

The temporals have large mastoid processes, a post-glenoid fissure, 
a bony bridge crossing the jugular foramen on each side internally, 
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and a smaller bony bridge passes from the carotico-jugular crest to the 
ex-occipital. The right foramen spinosum is in the line of the suture, 
and the scaphoid fossa is continuous down to the hamular process. 

The nasal bones are prominent, ridged, narrow above and wide 
below ; the lachrymal has a sharp crest, a middle and inferior process, 
a short lachrymo-ethmoidal suture 1 cm. long. The malar has a pos- 
terior temporal process, and the infra-orbital canal is very oblique, 
looking downwards and inwards, with a sharp crescentic outer edge. 
The anterior nasal spine is double and prominent. 

The teeth are large, the lower molars with much-wrinkled 
crowns; the third lower has its fifth hindmost cusp large, and its other 
cusps divided by secondary furrows. The right third upper molar is 
nearly as large as the first, and a diastema, 6mm. long, intervenes 
between the second premolar and the first molar on the right side 
above. 

The lower incisors are strongly curved, concave backwards. The 
alveolar parabola of the lower jaw measures 57 mm. from before back- 
wards, and 62mm. transversely across the third molar. The semi- 
ellipse of the upper teeth is 50 mm. in its semiaxis major and 62 mm. 
in its axis minor. , 

The mandibles are large, strong, 87mm. from angle to angle, 
70mm. in height at the condyle, which was 29mm. in transverse 
breadth ; the outer points of the two condyles were 125 mm. apart, 
while the inner were 77:5. 

The ckull of No. 2 was larger, finer, more massive, prognathous, 
dolichocephalic, cryptozygous, microseme, platyrhinal, and having the 
the following measurements :—Greatest length 188°5mm.; greatest 
breadth, supramastoid 136 mm., interparietal 132mm.; greatest height 
140mm. ; fronto-iniac arch 350mm.; intermastoid arch 380mm.; 
orbital index 75:5; cephalic index 72:3. 

In many respects it resembled that of No. 1, but showed the fol- 
lowing differences :— 

The coronal suture is uncommonly gyrated on each side, and the 
spheno-parietal suture is absent, as the squamosal on both sides arti- 
culates with the frontal. The left occipital condyle is wider and 
longer, the right narrower and shorter, and both anterior condyloid 
holes are undivided, both posteriors wanting. The stylohyals are 
short, while in No. 1 they are very long, ankylosed, and the jugular 
holes are only imperfectly bridged. The upper band of the pterygo- 
spinous ligament is ossified, and the scaphoid fossa is small. The 
nasal bones are typically flattened and nearly of equal width through- 
out; the lachrymal has a very short ethmoidal suture, 8mm. long, and 
a slight trace of a superior process. 

The scapular index of No. 1 is ‘73°, of No. 2is°71. In No.1 the 
clavicles are markedly unsymmetrical, the right being 150 mm., the 
left 182 mm. long. The left humerus has an intercondyloid per- 
foration. The tibiz are nearly platyenemic; and each femur has a 
well-marked tuberculum colli anterior. 
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The sacrum is short and curved, somewhat like that of a small 
female, and the first rib articulated with the seventh cervical on the 
left. The atlas has a complete (left) and an incomplete (right) bridge 
on the posterior arch over the vertebral artery. 

No. 2 is a much more massive skeleton, with two small ribs on the 
first lumbar vertebre, a perfectly detached first sacral vertebra ; the 
sacrum with a strong downly-directed spur on its lower left side. 
The ossa innominata were enormously solid; when dried, one weighed 
1lb., the other #lb. All the bones have their crests much exagge- 
rated. 

The femur has a strong supra-condyloid spur; the caleaneum pro- 
jects an inch and three-quarters behind the tibia. 

The humeri are very much flattened at their lower end, and the 
forearm bones are markedly unsymmetrical on the two sides. 

The special points of interest in these two skeletons are: 1st, their 
respective intermembral lengths; 2nd, their general cranial charac- 
ters. 


APPENDIX A. 


Taste oF M@ASUREMENTS. 


Now No. 2. 
Right Radius, greatest length, 26°3 28:1 
Left Radius, A as 25°5 Dio? 
Right Ulna, ais i 29:0 29°7 
Left Ulna, be ht. 27:9 29°4 
Right Humerus, _,, # 31°38 33°5 
Left Humerus, a a 30:7 33°5 
Right Clavicle, i; ‘ 15:0 15:5 
Left Clavicle, Bs 3 13:2 15°5 
Femur, " 46°0 47:0 
Tibia, a, bs 38:0 | 42-0 
Fibula, 4 i 38:0 40°0 
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APPENDIX B. 


TABLE oF INDICES. 


Intermembral (right), . . . . 71:0 71:0 
Intermembral (left), . . . . 69:0 70:0 
Hemoro-tibials.: Grr eo an eee 82°6 89°3 
MibronBibular, 200) ees 100:0 95-2 
Humero-radial (right), . . . 84:0 85°1 
Humero-radial (left), . . . . 83°0 82-4 
Humero-ulnar (right), . . . 95°0 89-0 
iEimmero-ulnar,(lett) sian) n ae 90-0 90-0 
Radio-ulnar (right), . . . . 90:0 91:0 
adwo-ulniar (lent) ie) see alsa n 94:0 92-0 
Altitudinal Cephalic, . . . . 78-0 74:0 
Latitudinal Cephalic, . . . . 73°5 72°3 
OrbiGelles Ws Skee) 30k eeit Ramee 86°8 81°7 
INDEED Mente ee RA aed 2 50°0 57:0 
SOC HUH EG aSa ea hs Cana MRL eet Dy 73°0 71:0 


a ee eee Eee 


“4 
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LVIJI.—Turee Years’ OpservaTions oF THE TrpEs at LivEeRPoon 
(Freetwoop). By the Rev. James Pearson, M.A., F.R.A.S., late 
Scholar (15th Wrangler) of Trinity College, Cambridge, Vicar of 
Fleetwood. 


[Read, December 13, 1880. ] 


Ir is now two years ago since I last had the honour of addressing the 
Academy on the above subject, and it is ten years at least since I first 
began a close application to the study of it. During all this inter- 
val I have been making a continuous system of observations, and have 
compared them with the results of theory, so as to form an exact 
opinion as to whether the method of computation which my own 
investigation led me to adopt was true to nature. It is a subject 
which becomes more fascinating the more it is indulged in. Few care 
to give to it the attention it deserves, and fewer still have the oppor- 
tunity of noting the effect of barometric changes and atmospheric gra- 
dients so as to eliminate these disturbing causes from the general 
effects. Mrs. Somerville designated the state of the theory of the 
tides in her time as ‘‘a reproach to science”; and even Dr. Whewell, 
in his ‘‘ History of the Inductive Sciences,” complains of want of 
success. Under those circumstances there is every encouragement to 
persevere in the study. Like an unploughed field, it demands cul- 
tivation, and the more because so few care to work in it. Although 
recently a renewed effort has been made, and a fresh theory, based on 
a Harmonic Analysis, has been adopted, aided by a complicated and 
expensive machine which is to facilitate calculation, yet no practical 
tables have been forthcoming which may be submitted to the test of 
experiment, so far at least as one of the most important seaports of 
our country is concerned, viz., the Port of Liverpool. At this station 
we have two superimposed tides of 273 feet mean range arriving at 
the same instant, or nearly so; and the force of gravitation may be as 
plainly seen in action as the movement of the machinery of a watch is 
discerned by noticing the motion of the seconds-hand. Hitherto the 
only tide-tables put into circulation have been (1) those published in 
the Isle of Man, (2) those originated by the Rev. George Holden, M.A., 
and printed in Liverpool, and (3) the Admiralty tables issued in Lon- 
don. The first are of more recent date than the second, but the 
mode of computation adopted in producing them is kept an inviolable 
secret. On this point Dr. Whewell writes as follows (‘‘ History of 
the Inductive Sciences,’ vol. ii., p. 255) :—‘‘ Art, in this instance, 
haying cast off her legitimate subordination to Science, or rather, 
being deprived of the guidance which it was the duty of Science to 
afford, resumed her ancient practices of exclusiveness and mystery. 
Liverpool, London, and other places, had their tide-tables, constructed 
by undiyulged methods, which methods, in some instances at least, 
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were handed down from father to son, for several generations, as a 
family possession; and the publication of new tables, accompanied 
by a statement of the mode of calculation, was resented as an infringe- 
ment of the rights of property.” Iam not aware that the mystery 
has even yet been divulged, though I am sure much progress has 
been made towards its solution by an independent inquiry. 

The first object of such an inquiry is to ascertain the laws which 
regulate what is technically called the “ diurnal inequality.” This it 
is which causes the spring-tides sometimes to increase successively by 
irregular steps, each being alternately greater and less than the one 
preceding, and sometimes to succeed each other by continuous incre- 
ments of height. This, though due to the changes of the moon’s and 
sun’s declination, as its ultimate cause, is much dependent on the con- 
figuration of land and water in the regions through which the tidal 
wave has to traverse; and Dr. Whewell’s statement may still be safely 
endorsed—‘“ Although Laplace’s conjecture, that in the moving fluid 
the motions must have a periodicity corresponding to that of the forces, 
may In some cases of the problem be verified, this cannot be done in 
the actual case where the revolving motion of the ocean is prevented 
by the intrusion of tracts of land, running nearly from pole to pole.” 
He adds: ‘“‘I am not aware that for such a case anything has been 
done to bring the hydrodynamical theory of oceanic tides into agree- 
ment with observation.” 

Now it is precisely for the object of bringing theory into agree- 
ment with observation that the method has been devised to which I 
wish to call attention—a method which has been embodied for several 
years past in the Admiralty Tables. It is based on a modification of 
Sir John Lubbock’s Tables, and rests on the equilibrium theory of 
Bernouilli, and it embodies the law which regulates the diurnal 
inequality. I propose to submit the method to the same test to which 
all the other consequences of gravitation have been submitted, yiz.— 
the calculation of tables, and the continued and orderly comparison of 
these with observation. In order to do this satisfactorily, we shall 
select a period of time when settled weather indicates that atmo- 
spheric disturbing causes have had a minimum effect, the error from 
accuracy being in each case pointed out, and a note being made of the 
atmospheric conditions. : 

Our first record will show ten successive tides in February, 
1878 :-— 
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Date. pa Oe Error. Barom., Wind, &e. 
1878. i, Shay Fi, fia 
epaels. Me |) 19-7. | 119-7 0 | 29-9, S., slight. 
|) SO |) aoe |) Sal OHO, Wes 
(Ue 21-9 “| 2170) |) 212 Ee iar 
E. 21-11 | 22-2 + 3 > 99 ” 
15, M.| 93:3 | 23:9 | +1 RE ef 
E. 24:6 24°8 + 2 30:1, 8S. W., fresh. 
GMM 9510) | 25:85 |) 19> | 30:2.) Arn 
E. 26°6 26°4 =e Sees elite 
7, Wil rei 28:1 +2 30°1, S.W., fresh. 
K. 28-0 28°8 +8. | 30:0, 5; . strong: 
18, M. 29-4 29°6 +2 i eee abatin eo: 
E. — — — 


Our next comparisons shall be taken from the month of April in 
the same year :— 


Date. tale Our Error Barom., Wind, &c. 
1878. ft. in. ft. in. in. 
COME |) 323-3 23°6 + 3 30°71, 8.8. W., strong. 
E. | 22:10 | 22-10 0 USES SHE. ee 
OnpNe 99°91 TO) 94 gin80-25 0a) i 
Bee e216 el) Diet 5 ee ig 
TOS eME |) 22078 20°11 — 3 ee fresh. 
Bee ot 9:1y|) 9-14 0 Pe ae slight 
11, M.| 19-11] 19-11 0 CREB eae 
E. 19°8 19°6 — 2 So AANA Bessa tes 
12, M. | 20-2 GST ee ESE SEE dons 
; Ee 20210 | 90-8 |), = 2 OS ae callin, 
eau 2271 2222 +1 3071, S., i 
E. DIL 23:3 + 4 | 30-°0,8.W., signal out. 
14, M. | 24:5 24°5 0 ee slictnte 
Be) oat | 95-3) 4 4 Ae ASAI eee 
oN |) “26°6 ATS Th + 1 | 80:1, W.S.W., fresh. 
K. 27:0 27:0 0 es Py calm. 
M.| 28-5 28-9 4 HAUS slight. 
eT Ih98-9) | ogt a! H Uee Te og: oMeuwa ye iln 
M.| 29-1 29:0 | =1 WE i 
Bee gn tl, 2oR-7e | VETS  Wwisewe |, 
M. | 29:1 99:0 | = 1 a ie . 
E. — — a 


304 Proceedings of the Royal Irish Academy. 


The months of. ‘August and September, 1880, shall supply our 


next quotations : — 


leu- Obser- 
Date. ae Sve Error. 
1880. ft. in. ft. in. in. 
Aug. 24, M. 27°8 27°6 — 2 
E. 25°6 25°6 0) 
25, M. 26°1 26:0 | 
E. 24:0 24°3 +3 
26, M. 24:2 24°3 +] 
E. 22°6 22°10 + 4 
2 eM D2 22°4 =o 
E. 20°10 Patel +3 
28, M. 20°5 20°4 — ] 
K. 19:2 chs +5 
29, M. 18°8 18:9 +] 
K. Siar 18°4 — 3 
30, M. 18°8 18°8 0 
EK. 19°4 19-9 + 5 
31, M. 19°6 19°7 +1 
E. 20°10 21°3 + 0 
Sept. 1, M. 211 21°6 +5 
E. 22°6 DOT + ] 
2 Me 22°10 DOT — 3 
EK. 24:3 24:2 1 
3, M. 24°4 24:0 — 4 
EK. 25°8 DSO) = 9) 
4, M. 25°6 DES) 0 
| EK. 26°11 26°10 — 1 
5, M. 26°5 26°6 5 1 
K. 27°9 27°4 = & 


Barom., Wind, &c. 


30:4, N.W., slight. 


? ° 9) 


30°3, S., Bar. falling. 
30°2, ,, slight. 

” aiMoy 99 
30°3, calm. 
30°4, N.W., fresh. 
30°35, jj.) wesliginte 

” Re ” 
30:45 INGE Sees 
30°3, ,, freshbreeze. 
30°2, K., slight. 

” ” ” 
30°3, calm. 
30°4, 8., slight. 

>) ISDS AWile cireshes 

signal out. 

30°5., 8., slight. 
30°6., S.W., slight. 


30°5, N.W.W.., slight. 
30°4, calm. 
30°3, S.S.W., calm. 
30°2, S.W., slight. 
PASSA Non, CAUSES 
», depression ap- 
proaching. 


In conclusion, it is only necessary to observe how important it is 
not only to ascertain the normal height of the tide. but also the 
amount of the correction to be applied in consequence of atmospheric 
disturbances. Where so many causes are combined, nothing but 


patient experience and judgment will effect this. 


The most likely 


means of obtaining an accurate prediction is to notice the successive 
changes of sea-level from day to day, and add or subtract accordingly. 
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LIX.—Reszarcues on ANNUAL PARALLAX, MADE aT Dunsinx. By 
Rorzrt 8. Batt, LL.D., F.R.S., Royal Astronomer of Ireland. 


{Read, January 10, 1881. ] 


Iy the following Paper I give a brief sketch of some of the observa- 
tions which have been made at Dunsink during the last two or three 
years. The full details will appear in the publications of the Obser- 
vatory, Part V. Some of the results have already been recorded in 
the Journals which are more specially devoted to Astronomy (see Lonthly 
Notices, R.A.S., Novy. 1880, Jan. 1881, and Urania, No.1). The three 
objects to which I wish to draw attention are the stars known as 
61 Cygni, P mr 242, and Groombridge 1618. 


(61 Cyenz). 


In 1838 Bessel commenced a series of measures from the central 
point between the two components of 61 Cygni to the two other stars 
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Fig. 1.—61 Cygni and Comparison Stars. 


a and 6 (see Fig. 1). «@ is a star of the 8°8 mag., and is known as 
BD +387°, 4173; while dis astar of the 8°6 mag., known as BD + 37°, 
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4179. The result of a most elaborate series of measures made with 
the heliometer gave for 61 Cygni a parallax of about one-third of a 
second. 

Fifteen years later, Struve undertook a new determination of the 
parallax of 61 Cygni, which had by that time moved into the position 
marked 1853, Fig. 1. The comparison star employed by Struve was 
of the 9'4 mag., BD + 38°, 4345. He employed measures of the dis- 
tance and position angle of 61 (B) Cyg. from the comparison star. 
The result of Struve’s labours seemed to indicate that the parallax of 
61 Cygni was half a second. 

Considerable doubt existed as to which result was the correct one. 
Auwers,’ on a discussion of the whole question, was inclined to agree 
with Struve, and it was with the view of settling the difference that 
Dr. Briinnow commenced the work. It had, however, been but little 
more than commenced when Dr. Briinnow resigned his position at Dun- 
sink, and on me, as his successor, devolved the task of continuing and 
completing the work. A first instalment of the Observations, and a 
discussion of the result, has been already given in Part III., Dunsink 
Observations. I now give a further instalment, completing the obser- 
vations made by myself. The final discussion of the entire series, 
which amalgamates Dr. Briinnow’s work and my own, must be post- 
poned until the publication of Part V. of Dunsink Observations. 

Dr. Briinnow employed the star BD + 38°, 4351, 9°5 mag., for the 
comparison. On 3lst March, 1878, I found that this star followed 
61 (A) Cygni in 51*5 and 66”:5, north. Briinnow had ascertained 
that the measurement of difference of declination could be made with 
extreme accuracy by the South equatorial, and consequently it was the 
method of differences of declination that he employed. The first series 
of observations were made with 61 (A) Cygni, and from them I de- 
duced a parallax of 04654, practically agreeing with Struve’s result. 
See Dunsink Observations, Part III., pp. 16-40. 

In the series now under discussion I employed the following star 
61 (B) Cygni, which had then moved into the position marked 
1878 on the figure.. This series was commenced on 18th September, 
1878, and concluded on 2nd October, 1879. 

On each night of observation it was usual to take four complete 
measures of the difference of declination. Each complete measure was 
derived from four readings of the screws, followed by four after the 
wires had been crossed. The final result adopted for each night was 
the mean of the four complete measures. 

To illustrate the nature of these observations, and the method 
employed in their reduction, I here give the series of measures taken 
on the 16th November, 1878, a date which I have selected at random. 


1 Abhandlungen der Akademie zu Berlin, 1868. 
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Micrometric Measurements of the Difference of Declination between 61 (B) 
Cygni and BD + 38°, 4351, on 16th November, 1878. 


Screw I. | Screw II. | Screw I. | Screw II. || Screw I. | Screw II. | Screw I. | Screw II. 
63698 40627 55783 382139 643818 40047 55599 32446 
63753 40598 55857 32134 64163 40177 55562 32506 


63791 | 40537 68902 | 32063 64175 | 40237 55501 32549 
63823 | 40537 56921 32074 64097 | 40257 55483 32633 


55639 32356 64217 | 40184 | 55906 32148 63557 | 40863 


56666 32353 64215 | 40142 55697 | 32293 632938 | 41103 
55732 32268 64202 | 40113 55716 | 323803 63267 | 41088 


55753 32262 64213 | 40095 | 55708 32348 63154 | 41228 


Each of these eight columns had first to be reduced to seconds. 
This is accomplished by adding together the four larger numbers in 
each column, and subtracting from the result the sum of the four 
smaller numbers. . g. for the first column this result is 32°275. This 
has to be multiplied by one-eighth of the value of the micrometer 
Screw I., at the temperature of the instrument (39°°9). The result 
thus found is 86’-292. In asimilar manner the movement of Screw II. 
in the second column gives 37224. Thus the first set of measures on 
the night in question gives for the apparent total distance the result 
73516. This must, however, receive a correction of + 0’°026 on 
account of refraction, and of — 0’:031 on account of reduction for aber- 
ration, precession, and nutation, so that the final result is 73/511. In 
+a similar manner we have for each of the other sets of observations on 
the night in question 73-705, 73-539, 73-453. The mean of the 
whole four is 73’°552, which is accordingly taken as the final result 
of the observations for this one night. 

In many cases the number of complete measures was less than four, 
so it has been found convenient, when estimating the weight attached 
to each night’s work, to use the number of complete measures which 
have been obtained. Thus, for the night just considered, the weight 
is taken as 4. 

The following Table contains the mean results of the observations 
on the several nights which are included in the present series :— 
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Mean Results of the Observations of the Difference in Declination between 
61 (B) Cygni and BD + 88°, 4851, reduced for Refraction and 
Reduction. 


Date. | Difference. | Date. Difference. | Date. Difference. 
1878. | 1879. 1879. 
Sept. 18, 73”°657 || Nov. 17%, 73609 || April 30, 72/117 
sh 20, ia 7633 5 21, 73 °507 May 4, 72 °229 
"5 23, 73 °579 5 25. 73 °615 np 8, 71 °907 


woe '25, \| 73-613 || ,, | 28) | 78-487. ll, 5) Loam emeeeoee 


Oct. 18, 73 °520 Meche, 73 °554 a 22, 71 °640 


Posen 73 -698 Il ,, 5, | 73 436 || June 10, | 71 -530 


e265, 78-528. ll, 8 | 73-442 ||. ., © [d,s emuceen 
We a Fi G8) 
229, | 73 -537 || Jan. . 8,..| 78 -400).|| July, | 26eiuaOmesaS 
0 31,0) 73-707 || 1, 15, 178-370!) ||| Sept. tre tne Omeee 
OP aplSaey | ees325 | oct. 2, | 70 -816 
» 8 | 73 633 || April 10, | 72 -512 


ie Meat Mne 7S -552. (0. Si) o16,. | W7eh-34s 


A glance at these results exhibits, in a conspicuous manner, the large 
proper motion of 61 (B) Cygni relatively to the star which has been 
chosen for comparison. To clear the observations from the grosser 
part of the effects of proper motion, it became necessary to adopt an 
approximate value of the relative annual proper motion in declination. 
The former series of observations had conclusively established the fact 
that the comparison star is not affected by any considerable proper 
motion. I therefore felt warranted in assuming Argelander’s value of 
the absolute proper motion of 61 B Cygni in declination as approxi- 
mately the relative proper motion. The value in question is + 3/016 
(Positiones Media, p. 27). 

The mean epoch of the entire series of observations is 1879°069. 
The mean value of the observed differences of declination is 72’-85549. 
The assumed epoch is 1879-0, whence, applying a correction of + -20865 


for proper motion, we have as the adopted mean difference of declina- 
tions at the epoch 7306414. 


OS 


Batit—Researches on Annual Parallaw. 359 


The equations of condition are now formed in the usual manner. 
The true mean distance at the epoch is assumed to be 7306414 ~z ; 
the true value of the proper motion in declination is assumed to be 
3-016 + x’; the correction to be applied to an observed difference of 
declination for parallax a is — [9°92229] cos(© — 121° 39’) Ra. The 
correction to be applied for a possible difference x between the coeffi- 
cients of aberration of the two stars is —[9°92229 | sin(© — 121° 389’)x. 
Solving the equations, I obtain ; 


2 =+ 00227 + 0”:0194, 
a’ = — 0':0878 + 00705, 
w = + 04676 + 0"-0321, 

+ 0”:0719 + 0”:0814. 


i} 


K 


The sum of the squares of the absolute terms is 6°172, while the 
sum of the squares of the residuals is but 1°223, the weights being of 
course taken into account in each case. 

The probable error of one observation is + 0/1298, whence the 
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Fig. 2.—Parallax in Declination of 61 (B) Cygni. Ordinates indicate Parallax 
of 0”:47. Dots indicate Observations. 


probable error of the mean of four observations which form a complete 


series for one night is + 0/0649. 
The agreement of the present parallax of 0’-4676 with that of 
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04654, found by the former series, is very satisfactory. The accor- 
dance is indeed so close that there can be no doubt it is to some 
extent due to the chapter of accidents. These investigations confirm 
the supposition that the annual parallax of 61 Cygni is nearer the half 
second found by Struve than the third of a second found by Bessel. 

In order to show the degree of accuracy which can be expected in 
such observations, I give a diagram (Fig. 2) which represents the pre- 
sent series of observations on the assumption of a parallax of 0’:4676. 
The effect of such a parallax on the difference of declinations cannot 
exceed 0°40. The dots denote the observations, and the curve gives 
the calculated effect of parallax. 

Though some of the discrepancies seem large, relatively to the 
total amount to be measured, yet the greatest divergence of the obser- 
vation from the curve is not more than the angle subtended by a penny- 
piece at the distance of fifteen or twenty miles. 


(P ut 242.) 


In the Monthly Notices, vol. xx. p. 8, is a Paper by O. Struve, 
‘¢Qn a star which would be suitable for a parallax series.” The star 
in question is P 1m 242, its position for 1879-0 being a = 3° 59™ 305, 
and § = 87° 45”"3. Argelander, in his Catalogue of 560 stars, had 
pointed out that P ur 242 probably formed a wide Binary system 
with the next following star of his Catalogue 50 Persei, on account 
of the equality in direction and quantity of their large proper motions. 

Struve remarks also that P m1 242 is a double star of Herschel’s 
first class (No. 531 of O. Struve’s Catalogue), the components being of 
6:7 and 8-9" magnitudes respectively, and 3” or 4” distant. The 
physical correction of the two components of P m1 242 appears to be 
established by their equal proper motions. A fourth star (BD + 37°, 
877, mag. 7°8) is south, preceding P 1m 242 at a distance of nearly 4’. 
This star does not belong to the system formed by P mr 242 and 50 
Persei, for the changes in its position with respect to P mm 242 cor- 
respond exactly to the proper motion of the latter. ‘‘ This star, there- 
fore’’ (says Struve, in conclusion) ‘‘ would be a very qualified object of 
comparison for determining the relative parallax of P mr 242, for 
which a considerable amount is indicated by the proper motion, and by 
the probable physical connexion with 50 Persei at 15’ distance.” 

Additional interest arises from Mr. Burnham’s discovery that 
BD + 87°, 877, is also a double star, the distance being 1”. See 
M, A. S., vol. xurv. p. 158. 

So far as I know, no measures have hitherto been made with 
the view of testing whether Struve’s surmise as to the existence of a 
parallax for P 1m 242 could be substantiated. I therefore commenced 
a series of observations in January, 1879, of the distance and position 
of the comparison star which Struve suggested, from the larger star of 
the pair P mz 242. 

In an important feature, however, the observations now to be dis- 
cussed are very different from those which had previously been made 
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with our micrometer. The distance in this was no less than 237” +, 
which is greatly in excess of the distances measured in the regular 
series of parallax observations contained in our previous publications. 
Had there been any suitable companion star nearer to P m1 242, I 
should certainly have preferred it, for the distance 237” is too great to 
be measured by our micrometer with the accuracy which can be at- 
tained when the distance is only about one or two minutes. From this 
cause the results of the observations are not so satisfactory as I would 
wish, though they are quite sufficient to show that P m1 242 has no 
considerable parallax. 

The following are the observations which I have made of the dis- 
tance and position corrected for refraction, and reduced to the mean 
places of the stars at the epoch 1879:0 :— 


P mm 242. 
Distance and Position of BD + 37°, 877 from P IIT 242. 

Date. Distance. Position. Date. Distance. Position. 

1879. 1879. 
Fan. 11, | 237-558 | 207°17'-35 || Oct. 5, | 237203 | 207°17/-28 
Feb. 7, | 287 -529 | 207 23-47 || ,, 17, | 287 -497 | 207 16 -14 
Po eos7 074 120713 -16 || Mone ilag7 i315 Moov 
» 22, | 237-174 | 207 16-04 |) ,, 25, | 287 -049 | 207 22-83 
» 28, | 287 -695 | 207 10-25 lao: 1, | 236 -965 | 207 8-40 
25, | 2387 -848 | 20716-96||..,, 2, | 237 -305 | 207 17-66 
March 1, | 237 -220 | 207 9-08 || ,, 8, | 237 041 | 207 19-72 
» 19, | 237 -605 | 20715-99|| ,, 8, | 237 -423 | 207 21-57 
April 4, | 237 -422 | 207 9-27]/ ,, 11, | 287 -588 | 207 12-86 
Ey Ge 207 14-00 || Dec. 8, | 237 -647 | 206 59-53 
> 10, | 237 -495 |.207 15-66 || ,, 5, | 287 -186 | 207 5-91 


Aug. 14, | 287 -268 | 207 19 -18 ay) deh 287 °687 | 207 25 -42 
phy 286 -973 | 207 8 -47 pp) oleh 237 °215 | 207 29 :27 
» 20, 237 :177 | 207 12 °83 HY we CE 237 *180 | 207 22 -88 


Sept. 17, | 237 -242 | 207 16 -28 1880. 
Jan. 9, | 236 -715 | 207 20 -66 


Oct. 4, | 237 -151 | 207 20 -24 | 
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According to O. Struve (Joe. evt.), the annual proper motion in right 
ascension is + 0°°0167, and the declination —0’:152. It hence appears 
that the arc moved over in one year by P mr 242 is 02497, while 
the position angle of the star, in the position it will occupy next year, 
measured from the present position, is 127°°5. The correction to be 
applied to the observed distance, in order to reduce the observed dis- 
tance to that between the places at the epoch, is 0’:04407 per annum, 
while the corresponding correction to the observed position angle is 
— 3565, or in are — 0°2457. 

The adopted mean distance at the epoch is 237’°320, and the 
adopted mean position is 207° 13/-86. 

From the usual formule it is found that when © is the sun’s lon- 
gitude, & the sun’s radius vector, and 7 the annual parallax of P ur 
242, the correction to be applied to the observed distance to clear it 
from the effects of parallax is 


— [9°82787] a& cos(© — 174° 36’ 0”), 
while the corresponding correction for the observed position angle is 
— [990007] aR cos (© — 142° 8’ 29”). 


Assuming that z is the correction to be applied to the annual mean 
distance, while z’ is the correction to the assumed value of the proper 
motion in distance, and x is a probable difference in the coefficients of 
aberration of the stars, then we have from the observations of the dis- 
tance the usual equations of condition. 

Solving these, we deduce in the usual way 


& =— 01459 + 0-08, 
a’ = + 03009 + 015, 
w= + 07-0163 + 0-09, 
k =+ 01405 + 07-12. 


The sum of the squares of the residuals is 1:2732, from which the 
probable error of one complete observation is + 0’"15. The sum of the 
squares of the absolute terms is 1°4638. 

We next proceed to form the equations of condition from the ob- 
servations of the position angle. In a complete series of measures, 
four observations of the parallel and four of the position angle have 
been made. Owing to the great distance of the stars, the measure- 
ments of the position angle (estimated in arc) are not very satisfactory ; 
and on two occasions (8rd December and 5th December, 1879) the 
discrepancies have attained to very undesirable dimensions. The resi- 
dual on 8rd December is no less than — 1/382, but only a weight of 
one-half attaches to this result because it was based on but two observa- 
tions of the parallel and two of the position. The notes at the time of 
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observation are, ‘‘ snow and severe frost; low and hazy, but tolerably 
steady.” On the next night of observation, December 5th, the number 
of observations was complete, and they were fairly accordant: the 
notes at the time record, ‘‘ good definition; thaw; occasional clouds :”’ 
the residual on this occasion is — 0’°895. It will be noticed that these 
observations occur at dates when the parallax produces but very little 
effect, the coefficient being + °2536 on the first occasion, and + °2801 
on the second. From these we obtain 


z= +0"-0185 + 014, 
a’ = + 00076 + 0-27, 
@=— 01871 + 0-11, 
k = + 0/1420 + 0-18. 


The sum of the squares of the absolute terms of the equations is 
+ 4°3105, and the sum of the squares of the residuals is + 4:1077, from 
whence the probable error in an arc of one complete observation of the 
position angle is 
+ 0-263 


If we combine the two values of the parallax, making due allow- 
ance for the weights, we obtain, as the final result of this series of 
observations, 


w = — 0045 + 0:070. 


If this result were to be strictly interpreted, it would mean that 
the comparison star was actually the more distant of the two. Observ- 
ing, however, that the probable error is greater than the parallax 
itself, it would seem unsafe to draw any conclusion from these obser- 
vations, save that the difference between the parallaxes of P mr 242 
and BD + 37° 877 is too small to be measured with accuracy. 


GrRooMBRIDGE 1618. 


This star is No. 89 of Argelander’s list of stars, with large proper mo- 
tion (Bonn, Obs., vol. vii. p. 69). It is+50°, 1725 in the: Duchmuste- 
rung, where its magnitude is given as 6°8. The position of the star 
at the epoch 1878-0 is found from meridian observations at Washington 
in 1871, and Radcliffe observations in 1859, to be R. A. =10" 3™ 58°73, 
8 = 50° 4’ 139, allowance having been made for the proper motions. 

According to Argelander (J. ¢. p. 110) the proper motion in R. A. is 
~ 0°1890, andin Decl.—0’"501. This corresponds to an arcual proper 
motion of 1-429 per annum, the position angle being 249° 29’, z.¢., 
this is the position angle of the place of the star next year from the 
present place. 

The distance and position of the adjacent star + 50°, 1724 (8°8 
mag.) has been measured with the view of ascertaining the parallax 
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of Gr. 1618. It will at the outset be of importance to show that the 
comparison star has not a proper motion comparable in magnitude 
with that of Gr. 1618. 

This will appear most clearly by a comparison of the recent obser- 
vations with those made by Argelander on March 21st, 1848, as reduced 
in Argelander-Oeltzen to the epoch 1842:0. From an approximate 
reduction of my observations I conclude that at the epoch 1878:0 the 
distance of + 50°, 1724 from Gr. 1618 is 198’"1, and the position angle 
is 201° 42"8. From this I find 


Aa = 7°608, 
Aé = 184-1; 
but from Argelander-Oeltzen, we have 
Aa = 124, 
Ad = 2038"9. 


We apply to these differences the annual proper motion of Gr. 1618, 
viz. — 0°1390 in R. A. and - 0-501 in Decl. During the thirty-five 
years that have elapsed since Argelander’s observations the corrections 
will amount to — 4°87 and - 17’"5, respectively. We thus find for 
the values in 1878 

Aa = 75, 


Ad = 186'"4. 


It is therefore evident that + 50°, 1724 cannot have a proper mo- 
tion which even in thirty-five years amounts to much more than 0°108 
R. A., or 2’"3 in Declination. Compared with the large proper motion 
of Gr. 1618 these quantities are inappreciable. We may, therefore, 
conclude as a first approximation that the absolute proper motion 
assigned by Argelander to Gr. 1618 coincides with its proper motion 
relatively to the comparison star + 50°, 1724. 

The annual decrement of the distance from Gr. 1618 to + 50°, 1724, 
in consequence of the proper motion of the former, is 0/9579. The 
position angle decreases for the same reason at the rate of 18'398 
annually. 

In the first series of observations now to be discussed, measurements 
were made on fifty-five nights both of distance and position. In the 
present Paper the measurements of the distance alone are discussed. 

The following Table contains the observations of the distance, cor- 
rected in the usual manner, for the effects of refraction and tempera- 
ture of the micrometer screw, and reduced to the epoch 1878-0. The 
corrections for proper motion have, however, not yet been applied. 
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Groomprince 1618, I. 
Corrected Distance of + 50°, 1724 from Gr. 1618. 
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Date. Distance. 
1878. 

March 4, | 198/381 
» 13, | 198 -542 
» 18, | 198 -459 
eT 5ru 198; 370 
PanTSn 198) 484 
» 18, | 198 -581 
ote 198-537 
» 21, | 198 -499 
» 22, | 198 -450 
Pae2ty 198 "783 
» 24, | 198 -753 
» 25, | 198 -484 
» 29, | 198 -493 
» 29, | 198 -605 
senlnilos! -445 
» 31, | 198 -460 

April) 15 |) 198) °537 
my) at |) 198 -493 
» 6, | 198 -461 
Pai7a”| 198-363 

21 198 °415 


Date. 
1878. 
April 24, 

» 20, 
May 3, 
” 5, 
» 9, 
» 18, 
1» 20, 
» 21, 
» 28, 
July 1, 
» p 
” 8, 
pg ll 
py alls 
4) oe 
» 30, 
» 3, 
August 2, 
» 10, 
Sept. 20, 


23 


99 ? 


Distance. | Date. 

1878. 
198-507 || Sept. 25, 
198 -261 || Oct. 24, 
198 °327 nn MhOBe 
19852382] 5\(Noven eile 
-198 -741 UA 
198 °355 ATLA 
198 -492 Stade 
198 -364 ana OB. 
198 +232 5 NS, 
198 -330 |) Dec. 1, 
197 -951 eh 
197 -812 bn 8, 

1879. 
197 :806 ale) uc 
197 °743 || Feb. 5, 
197 -795 Lb DO8 
197-999 sp Pi 
197 -751 Pi 26: 
197 :892 || March 19, 
198 -047 ee 
197 °869 || April 2, 
198 -221 


Distance. 


198’”°029 
197 °830 
198 °195 
197 °858 
197 
197 
197 


198 


"970 
799 
949 
059 
105 
303 


198 
198 
063 
"337 
088 


198 
198 
198 
197 +958 
197 -993 
198 -142 
198 +184 
198 -213 
819 


578 


197 
197 


From these, I conclude in the 


PS OY 


usual manner, 
"1621 + -05 


2’ =+ 01534 + -07 


w= + 03472 
(ol (NM PAETD) 


05 
06 


ine 


i+ 
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The probable error of one complete observation is + °15. 

The sum of the squares (nn) = 3°587. 

The sum of the squares (vv) = 2°935. 

The result of the observations is therefore to indicate a parallax of 
about one-third of a second for Gr. 1618. Though the probable error 
of the result is only 0°05, yet there were certain features which 
seemed to me to require further examination. The signs of the resi- 
duals look asif some systematic irregularity had affected the measures. 
The large value of the unknown x seems also somewhat improbable. 
The substitution of the values for the unknowns only abates the sum of 
the squares of the absolute terms from 3°5373 to 2°935. I therefore de- 
cided to commence another series of observations, in the hope that the 
experience already obtained would ensure a better result. 


GroompripeE 1618, IT. 


Corrected Distances of + 50°, 1724 from Gr. 1618. 


Distance. Date. 


Date. | Distance. Distance. 


| Date. 


1879. 1880. 1880. 
Aug. 14, | 197”-187 || Mar. 12, | 196’-473 || April 25, | 1967-629 


ny 23, | 196 °846 > 15, | 196 :398 56 27, | 196 -589 


Oct. 28, | 197 °184 6 18, | 196 -170 || May 6, | 196 -482 


Nov. 1, | 196 935 || ,, 19, | 196-577 |l_,, 7, | 196 -255 


ee eet :197, O79» |||"... 19, an 1960050400 lee 8, | 196 -317 


18, | 196 841 || ,, 20, |. 196 -862 || ,, “Tee lerogmses 
4) 580, | 197-228 |)’ ,, 2, |) 196 <557) || bes eigemcena 
Dec. 4, | 197-056 || ,, 21, | 196 -489 || ,, 16, | 196 -577 
, 10, |) 197 :177 || ,, 22, || 196 -545 || July” U5npemen on 
17, | 196 -970. || ,, 22, | 196 -626 || 5,  aiGeNleropmecon 

18, | 196 -817 || ,, 31, | 196 -924 || ,, 20, | 196 -009 


Jan. 9, | 196 -985 || April 6, | 196 -452 || ,, 21, | 195 -748 
215196960 Mllnee 8, | 196 -583 
Feb. 4, | 197 -077 


» 21, | 195 -852 


, | 196-6517 ||.) | DON Nemeb megan 
Seana 960-583 


i 5, | 196 -985 
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From these we find the following values :— 
wz =— 03532 + -138, 
a! = + 0-32.22 + +116, 
w =+ 03196 + -052, 
K =— 070422 + -066. 


The probable error of one observation is + *119. 

The sum of the squares (nn) = 2°330. 

The sum of the squares (vv) = 17255. 

These observations are free from the features which appeared to 
me to be objectionable in the former series. On the other hand, it is 
to be observed that the corrections to the proper motion and to the an- 
nual mean distance now attain considerable amounts. This is, I be- 
lieve, partly due to the choice of an epoch which is more than a year 
from the mean date of the observations. To examine the plausibility 
of these corrections I have combined the results of the two series of 
observations, taking account of their probable errors. I thus find 


x =— 0".1858 + :047, 
x! =+0""1985 + -060, 
@ =+ 0'°3339 + :036, 
Kk =- 0'°1774 + :044. 


We 


f 


These results do not appear to be at all improbable. A positive 
correction to the proper motion is indeed indicated by the adopted 
mean distances at the epochs of 1878 and 1879. ‘These are, respec- 
tively, 190°7608 and 197°7308. This corresponds to a proper motion 
in the distance of somewhat over a second per annum, while the 
assumed proper motion is somewhat less than asecond. Nearly half of 
the value of w’ is thus accounted for. 

I believe that these observations render the existence of a parallax 
of about one-third of a second tolerably certain. It will not, however, 
be possible to determine the parallax definitively until further investi- 
gations have been made. Measurements of the position angle of the 
comparison star from Gr. 1618 are very well adapted for this purpose. 
Indeed, the parallax has a much larger effect upon the position angle 
than it has upon the distance. I have made such measurements at the 
same time as the measurements of distance which are here discussed. 
These observations are not yet ready for publication. I may, however, 
say that though some difficulties have been met with, yet the position 
angle observations, as a whole, tend to confirm the fact that Gr. 1618 
has a parallax sufficiently large to entitle it to a place among the 
sun’s nearest neighbours. 


[| a 
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LX.—Report on THE Frora or tue Brasxet Istanps, Co. Kerry. 
By Ricuarp M. Barrineron, M.A., LL.B. 


[Read, February 14, 1881.] 


Tre group of islands known as the Blaskets lie to the west of 
Dingle promontory, Co. Kerry, and their geology and position show 
that they are but a prolongation of its ridge. They are interesting, 
as being the most westerly land in Europe, if we except the Azores. 
They lie west of 10° 30’ west longitude, and immediately north 
of the 52nd parallel of latitude. Counting rocks which rise little 
above high-water mark, they number 109 islands, but six only are 
worthy of the name, the rest being devoid of vegetation, with one or 
two exceptions. The six largest islands are :— 


Highest 
Acreage. | point in Population. 
feet. 
Great Blasket, - ~ - 1020 961 130 
Innishtooskert,  - - : 186 573 Uninhabited. 
Innishvicillane, - - 171 453 One family. 
Innishnabro, - - - 102 583 Uninhabited. 
Tearaght, - - - - 47 602 The light-house 
keepers. 

Beginish,  - - - - 32 57 Uninhabited. 


A circle having a diameter of eight miles would include all the 
Blaskets, except a few rocks. 

No botanist having ever examined this remote group with care, I 
made an effort to explore them in June, 1879. Having reached the 
town of Dingle, which is nine miles from the extreme west of the 
promontory, the police informed me that an unsuccessful attempt had 
recently been made to serve processes on the Blasket Islanders, and 
that they were hostile to strangers. This proved to be correct, and I 
found considerable difficulty in landing. At Dunquin, a small village 
on the mainland, opposite the Great Blasket, the boatmen declined to 
row me across. I heard subsequently they suspected I was a police- 
man in plain clothes. All sorts of excuses were made. Finally, after 


Barrincton—On the Flora of the Blasket Islands. 369 


four days’ waiting, I procured a boat, the Rev. Father Egan, P.P., 
haying spoken to the people on my behalf. 

On approaching the Great Blasket, which is one mile distant from 
the nearest point of the mainland, the people were seen to run from 
the houses, and congregate on the edge of the cliff over the landing- 
place, shouting and gesticulating at the same time. Heaps of stones 
were piled, and the natives began to throw them at our boat. 

Much loud conversation took place, which lasted a considerable 
time. In the end I was permitted to land, provided I kept at a 
distance from the houses. Seeing no harm was intended, the inhabi- 
tants became friendly, and many of them accompanied me during a 
walk of three hours, which I then took over the island. Unfavour- 
able weather and want of time did not permit a longer visit in 1879, 
but I saw sufficient to make me anxious to examine the flora of the 
islands carefully, which could not be done without a stay of some 
days on the Great Blasket. 

The Royal Irish Academy having given me a grant to explore the 
sroup, I again went to Dingle in J uly, 1880. No difficulty was now 
experienced i in procuring boats. On the contrary, the people received 
me with many expressions of welcome, as I had interested myself on 
their behalf during the severe distress in the spring. 

I landed on July 16. The mud cabins are of the poorest descrip- 
tion. I slung my hammock from the rafters of a vacant one, called 
the schoolhouse. The curiosity of the natives was intense, and I 
suffered much from intruders when examining specimens, and placing 
them between the blotting sheets. 

The houses on the Great Blasket are all built together on the end 
facing the mainland. Here the people have several patches of 
potatoes and oats, the only crops noticed. The rest of the island is 
pasture, and is grazed by cattle, sheep, and goats. There are no lakes, 
or even pools, on any of the Blaskets. The Great Blasket is three and 
a-half miles long by half a mile broad. Its longest axis extends in a 
south-westerly direction. In shape it resembles a ridge, for the most 
part 700 feet high, and for a mile its height exceeds 900 feet. 
Towards the south the ridge slopes much more gradually than on the 
northern face, which is almost perpendicular in many places. 

The Great Blasket and Innishnabro consist of the Dinvle beds, 
which are placed by Mr. Jukes between the Upper Silurian and Old 
Red Sandstone. Generally the Blasket group is Silurian, but trap 
rocks appear on Beginish and Innishvicillane. Near Dunquin the 
Dingle beds consist of green and purple grits and slates without 
fossils, and pass up into coarse Sandstones. Old Red Sandstone appears 
on the extreme north point of Innishtooskert. The conical Tearaght 
is composed of grits and conglomerates. 

The cliffs and precipices are very grand, notably the north- 
western face of the Great Blasket and the north-eastern portion of 
Innishnabro, which latter resembles, when viewed from the sea, a 
cathedral 500 feet high, the towers, spires, and even doors and 
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windows, being represented.' Innishtooskert, has an isolated pin- 
nacle of rock, with a great chasm in the cliff near it, scarcely less 
striking. The Tearaght is like a black tooth projecting from the 
ocean, its sides being rocky, desolate, and very barren. The landing 
is here effected with difficulty, even in calm weather. Myriads of 
sea-fowl, especially Puffins, swarm on the ledges of this distant 
island, which is nine miles from the mainland. 

I observed that the cliffs on the northern face of all the islands 
were rather more productive in species than those on the south side. . 
This is especially the case with the Great Blasket, and may in part 
be attributed to the greater frequeney and violence of south and 
south-westerly winds, which in exposed situations would, doubtless, 
have an injurious influence on the growth of plants. 

On the northern cliffs of the Great Blasket I noticed Zuzula 
sylvatica plentiful, Sella nutans and Hymenophyllum unilaterale : 
these are not found on any other island on the west coast of Ireland 
that I am aware of. Primula vulgaris, Valeriana officinalis, Lychnis 
flos-cuculi, Viola sylvatica, Cardamine pratensis, and other plants may 
be gathered here also, giving the vegetation an inland appearance. 
It is not usual to find such species associated on the face of a marine 
precipice exposed to the storms of the Atlantic. 

Next to the Great Blasket, Innishyicillane is certainly the most 
fertile in species. Some cultivation exists here, and one family 
resides. Innishtooskert, though the largest of the group, except the 
Great Blasket, is the most barren island, for its size, I have visited on 
the west coast. It is uninhabited, and closely cropped by sheep. 
On the uninhabited island of Innishnabro I gathered Lavatera arborea, 
one or two conspicuous specimens growing on the cliff near the 
landing place. On the Tearaght Lavatera also grows. I noticed 
several plants growing on various parts of the rock. The fact of the 
lighthouse being on the Tearaght leaves room to question the 
nativity of Lavatera here. It may have been introduced by the 
keepers at one time. The occurrence of this species in suspicious 
localities along our coasts induces me to prefix a mark of doubt. If, 
however, Lavatera is anywhere indigenous in Ireland, it is probably 
on the Blaskets. 

The late Mr. W. Andrews, in his numerous Papers in the Dublin 
Natural History Society’s Proceedings, which refer principally to 
zoology, here and there notices some plants which occur on the 
Blasket Islands, viz., ‘‘a very fine species” of Saxifraga geum, ‘re- 
markable in having a series of glands of a rich rose-colour surrounding 
the base of the ovary, which give a remarkable appearance to its 
inflorescence.’’ This form, Mr. Andrews states, he found at the 
extreme western point of the Great Blasket.? 

I did not meet with any form of Saxifraga geum on the Blaskets, 


1 See illustration in Mr. Andrews’ “ On the Sea Fisheries of Ireland.” 
2 Proceedings, Dub. Nat. Hist. Soc., vol. vi., parti., p. 85. 
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but I gathered strong and luxuriant specimens of Sax. wmbrosa on the 
northern cliffs of the large island. At the entrance to Dingle Harbour 
Mr. A. G. More informs me he has gathered large and strong forms of 
Sax. geum. Saxifraga umbrosa was not observed on the southern side 
of either Innishvicillane, Innishtooskert, or the Great Blasket—the 
three islands on which it was noticed. 

Hymenophyllum unilaterale ( Wilsont) Mr. Andrews met with on the 
Great Blasket ‘‘in rich abundance.”’* It can scarcely be called abun- 
dant, seeing that I only gathered it in one spot on the northern cliffs 
of the island. 

Roccella fuciformis, a very rare and local lichen, is recorded by 
Mr. Andrews from the Tearaght Rock. The late Dr. David Moore 
always considered that a large form of Ramalina scopulorum had been 
mistaken for it.© It is much to be wished that some competent 
eryptogamic botanist should visit the Tearaght, and set the matter at 
rest. 

Cerastium arvense, var. Andrewsit (Syme), was also gathered by 
Mr. Andrews on the Blaskets. This variety I noticed in tolerable 
plenty on Innishvicillane, Innishnabro, and the Great Blasket, and it 
is the only form which occurs. 

The occurrence of Lavatera has been already referred to. It 
appears to have escaped Mr. Andrews’ attention. 

Suaeda maritima, a species classed by Mr. Watson, in his Cybele 
Britannica, under the littoral zone, grow on the Tearaght between 
400 and 500 feet above the sea-level. It occurs on the rocky face of 
the cliffs, and I did not gather it on any of the other islands. The 
waves around the Tearaght rise so high, that no plants can grow much 
below 150 to 200 feet. 

Euphrasia officinalis does not assume that stunted form, with thick 
fleshy bracts and leaves packed close together, which I have noticed 
on the Islands Achill, Boffin, and Tory, in Ireland, and Staffa, in 
Scotland. The Blasket specimens are small, but the leaves and 
bracts are not broader than is usual in the inland form, and they are 
not succulent. 

While examining the flora of the Blaskets, I took the opportunity 
of visiting the Skellig Rocks, twenty miles to the south, the only 
Irish breeding-place of the Gannet, and gathered twenty-three species 
on the Great Skellig. Here I observed a luxuriant form of Cochlearva 
officinalis, with large and strongly-reticulated pods. On the other 
hand, a variety of the same species, approaching var. alpina (Bab.), 
was gathered on the Great Blasket. 

Landing on the Blaskets on Friday, July 16th, I left on the 
following Tuesday afternoon, having visited all the islands, except 
Beginish, which is flat and smallin area, and of little interest. Alto- 


8 Proceedings, Dub. Nat. Hist. Soc., vol. ii. p. 173. 

* Proceedings, Dub. Nat. Hist. Soc., vol. i. p. 82. 

® Fide Mr. A. G. More, who discovered Roccella tinetoria in the Isle of Wight. 
R. I, A. PROC., SER. II. VOL. I11.—SCIENCE. 2H 
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gether 174 species, according to the London Catalogue of British Plants, 
7th edition, were gathered, and specimens of most of them dried for 
examination. This includes Syergularia rupestris, a very common 
coast species, which I gathered only on the Skelligs, and which was 
probably overlooked on the Blaskets. Of the 174 species, 162 were 
noticed on the Great Blasket. The other islands were examined only 
with a view to detect species not noticed on the largest island, and 
the list of species for each is incomplete. Innishtooskert is so barren 
that it is seldom referred to in my list, and I have not indicated it by 
a separate letter, as in the case of the other islands. 

Five distinct groups of islands have now been examined on the 
west coast of Ireland. Professor E. P. Wright, in 1866, and Mr. 
H. C. Hart in 1869,° visited the Arran Islands, in Galway Bay.’ 
Mr. A. G. More, in 1875, visited with me Bofin Island, county Mayo.° 
Tory Island, county Donegal, was visited in 1877 by myself;° and 
Mr. H. C. Hart, in 1879, visited Aran Island, county Donegal.” 

We may now add the Blasket Islands to the number; and as these 
local lists are valuable, not only for the sake of comparison with the 
portions of the mainland respectively opposite each island, but also 
with each other, I have thought it desirable now that we have five 
groups to compare for the first time, to draw out in a tabular form 
a list of species which shows at a glance all the plants which have 
been recorded from the five groups, as well as the islands on which 
they occur, and from which they are absent. 

The areas of the five groups, with the number of species recorded 
from (and compared with each other) peculiar species, are: — 


iNeres Total | Peculiar 
~ | species. | species. 
— > _! | 
Arran Islands, Galway . -| 10781 | 3872 130 
Aran Island, Donegal, . .| 4355 2382 23 
Innishbofin, . : : -| 2312 | 3038 36 
The Blasket Islands, .- -| 1560 174 8 
Tory Island). . cide gt 785 145 1 


6 «* Notes on the Flora of the Islands of Arran,’’ Proceedings, Dub. Nat. Hist. 
Soc., vol. v. p. 96. 

7A List of Plants found on the Islands of Arran, Galway Bay. Hodges, 
Foster, & Co. Dublin. 1875. And Journal of Botany, 1875, p. 111. 

8 Proceedings, Royal Irish Academy, 2nd series, vol. ii. (Science) p. 553; and 
Journal of Botany, 1876, p. 373. 

9 Journal of Botany, vol. viii. (new series) p. 268, September, 1879. 

10 Journal of Botany, vol. x. (new series) p. 19, January, 1881. 
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The eight species peculiar to the Blaskets, and which have not 
been observed on any of the other islands, are— 


Cardamine sylvatica. Luzula sylvatica. 

Lychnis githago. Carex disticha. 

Stellaria graminea. ,,  pilulifera. 

Scilla nutans. ' Hymenophyllum unilaterale. 


The occurrence of Luzula sylvatica in abundance, and Scilla nutans 
in tolerable plenty on a marine cliff on the west coast, is certainly 
unusual. Carex disticha grows on the summit of the Great Blasket 
(Croaghmore), 961 feet. 

That there should be 180 species on the Arran Islands, in Galway 
Bay, not recorded from any of the other groups, is due to its much 
larger and more diversified surface as well as its limestone forma- 
tion. 

There are only seventy-two species which occur on all the islands. 

The following plants, observed on the Blaskets, belong to Mr. H. C. 
Watson’s “ Atlantic Type” :— 


Lavatera arborea. Crithmum maritimum. 
Sedum anglicum. Scirpus Sayii. 

Cotyledon umbilicus. Hymenophyllum unilaterale. 
Saxifraga umbrosa. Nephrodium emulum. 


One species, Koeleria cristata, is new to district No. 1 of the Cybele 
Hibernica. 

Plants which elsewhere are certainly native appear to be intro- 
duced on the Blaskets, as they are confined to the cultivated ground 
or its neighbourhood. 

Though scanty, the flora of the Blaskets is not without interest. 
The extreme westerly position of these islands and their situation off 
the coast of Kerry, with their genial climate and characteristic vege- 
tation, make a list of their species useful, as affording materials for a 
comparison with the other island floras, which the tabular catalogue 
will, I trust, prove useful in facilitating. 


LIST OF THE PLANTS FOUND ON THE BLASKET 
ISLANDS. 


B after a species signifies Great Blasket; V, Innishvicillane; N, Innishnabro; 
T, Tearaght; S, Skelligs. 
Those certainly introduced are marked *, those possibly introduced f, those 
probably f. 
RANUNCULACEAE. 


Ranunculus flammula (Linn.) B. 
Ranunculus repens (Linn.) Not common, B. Y. 
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FUMARIACEAE. 


tFumaria confusa (Linn.) A colonist among crops. B. 


CRUCIFERAE. 
Cakile maritima (Scop.) On the small strand. B. 
tSinapis arvensis (Linn.) B. sunbee'> ; 
+ Brassica qa (Gan ae Colonists in cultivated land. 
Cardamine pratensis (Linn.) In one or two places on the north side. 
B 


Cardamine sylvatica (Link.) North side. B. 

Cochlearia officinalis (Linn.) Very fine on the Great Skellig, the pods 
being large and much reticulated ; on the other hand, a small 
form found on the Great Blasket approaches var. alpina (Bab.) 
B.S. 

+ Capsella Bursa-pastoris (Moench.) I believe introduced. B. VY. 


VIOLACEAE. 


Viola palustris (Linn). Common. B. V. 
Piola sylvatica (Fries.) Great Blasket, north side. B.N. 


PoLYGALACEAE. 


Polygala vulgaris (Linn.) Common. B. Y. 
[ Polygala depressa (Wender). I believed to have been gathered also, 
but no specimen was preserved ]. 


CARYOPHYLLACEAE. 


Silene maritima (With.) Common. B.S. Y. 
Lychnis Flos-cuculi (Linn.) Only seen on the north side on the Great 
Blasket. B.N. 
*Zychnis Githago (Lam.) Among corn; a colonist. B. 
Cerastium tetrandrum (Curt.) Common. B.S.N.T. 
Cerastium triviale (Link.) Common. B. 
Cerastium arvense (Linn.) Var. Andrewsii (Syme). Common on the 
three islands, and the only form observed. B. Y. N. 
Stellaria media (With.) B. VY. . 
Stellaria graminea (Linn.) Rare; only in one spot. B. 
Honkeneja peploides (Ehrh.) Only on the strand. B. 
Sagina maritima (Don.) Frequent. B.S. 
Sagina procumbens (Linn). Common. B. V. 
tSpergula arvensis (Linn.) Among corn; the form without papillae 
on the seeds. B. 
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Spergularia neglecta (Kindb.) Rare. VY. 
Spergularia rupestris Lebel.) I have no specimen from the Blaskets, 
but it may have been overlooked. S. 


PoRTULACACEAE. 
* Montia fontana (Linn.) Rare. B. 


HYPERICACEAE. 
Hypericum pulchrum (Linn.) North side. B. 


MALvacrAr. 


+Lavaiera arborea (Linn.) This plant occurs only on Innishnabro and 
the Tearaght. The former islandisuninhabited. Only one or 
two specimens were observed on Innishnabro ; on the Tearaght 
several. It is such a doubtful native on our coasts that I 
have hesitated to admit it as indigenous even on these wild 
islands; but it may be so. N. T 


LINACEAE. 


Radiola millegrana (Sm.) Very diminutive and difficult to find. I 
observed it only on the south side in one or two spots. B. 


LEGUMINIFERAE. 


Anthyllis vulneraria (Linn.) Not common. B. V. 
tTrifolium pratense (Linn). Probably introduced by cultivation. B. 
Trifolium repens (Linn.) Common. B.S. N. 
Lotus corniculatus (Linn.) Common. B. V. 
Vicia Cracca (Linn.) Scarce. B. 
Vicia sepium (Linn.) Not noticed on Great Blasket. V. 
Lathyrus pratensis (Linn.) Uncommon. B. 


RosacEAE. 


tAlchemilla arvensis (Scop.) Rare, and a doubtful native. 

Potentilla Tormentitla (Schenk.) Plentiful. B.N. 

Potentilla anserina (Linn.) Common. B. V. 

Rubus discolor (W. & N.) There is but one diminutive tmemiills on 
the Great Skellig growing out of a crevice in the rock near the 
summit, 714 feet. It is well known to the light-keepers as 
the ‘‘ only Blackberry on the Skelligs.”’ There are two or three 
bushes on the Great Blasket and on Innishvicillane. Species 
ze osed to be &. discolor, but not determined satisfactorily. 
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LYTHRACEAE. 


Lythrum Salicaria (Linn.) Scarce. B. 
Peplis Portula (Linn.) In one spot. V. 


ONAGRACEAE. 


Epilobium obscurum (Schreb.) Near the village. B. 


HALORAGIACEAE, 


Callitriche platycarpa (Kutz.) Common. B. Y. 


CRASSULACEAE. 


Sedum anglicum (Huds.) On the Great Skellig this species is very 
abundant. On the 8S. W. face it forms dense mats several 
yards across, to the exclusion of every other plant, and when 
in full bloom the odour of the flowers is perceptible at a consi- 
derable distance in the direction of the wind. B.S. N. 

Cotyledon Umbilicus (Linn.) Abundant. I did not see Sedum Rho- 
diola, which might have been expected. B.S. N. 


SAXIFRAGACEAE. 


Saxifraga umbrosa (Linn.) Common on the north cliffs of the Great 
Blasket. Sparingly on Innishvicillane cliffs, facing the Great 
Blasket. I did not meet with any form of Saxifraga Geum. 
(See observations, page 370.) 3B. Y. 


UMBELLIFERAE. 


Hydrocotyle vulgaris (Linn.) Common. B. V. 

Crithmum maritimum (Linn.) Scarce. B. V. 

Angelica sylvestris (Linn.) As elsewhere on the west coast of Ireland 
and Scotland a characteristic plant of the cliffs, but not as 
plentiful as I have noticed it further north. B. VY. 

*Heracleum sphondylium (Linn.) Only near houses. B. 

Daucus Carota (Linn.) B. 


ARALIACEAE. 


Hedera Heliz (Linn.) Only near the strand. No form approaching 
the Irish Ivy. B. 
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RUBIACEAE. 


Galium verum (Linn.) Banks near the strand. B. 
Galium saxatile (Linn.) Common. 


tGalium Aparine (Linn.) <A colonist. ‘B. VY. 


VALERIANACEAE. 


Valeriana officinalis (Linn.) Only on the northern face in one spot 
with Scilla nutans. B. 


ComPosITArE. 


Carduus lanceolatus (Linn.) Native, I believe. B. V. 
| Carduus arvensis (Curt.) Possibly introduced. B. 
Arctium intermedium (Lange.) B. V. 
Centaurea nigra (Linn.) Probably not native on the Skelligs. B.S. V. 
Matricaria inodora (Linn.) Var maritima (Bab.) B.S. 
Achillea Millefolium (Linn.) Not common. B. V. 
tArtemesia vulgaris (Linn.) A colonist; near the houses. B. 
Gnaphalium uliginosum (Linn.) B. 
{Senecio vulgaris (Linn.) Neara garden. V. 
” Senecio Jacobea (Linn.) Plentiful on Innishnabro, forming yellow 
patches ; growth stunted. B. N. 
Bellis perennis (Linn.) B. 
Solidago Virga-aurea (Linn.) B. 
Tussilago Farfara (Linn.) B. 
tLapsana communis (Linn.) Only near houses. B. 
Hypocheris radicata (Linn.) Near the village. B. 
Leontodon autumnalis ( Linn.) 
Leontodon autumnalis, var. pratensis (Syme.) Haida Gnseuvetl | E> Ve 
{Zaraxacum officinale (Wige .) Near the cottage; not noticed on Great 
Blasket. 
{Sonchus oleraceus (Linn.) B. All three perhaps introduced—the 
, TSonchus asper (Hoffm.) §&. V. last a colonist among corn and 
{Sonchus arvensis (Linn.) B. potatoes. 


CAMPANULACHAE. 
Jasione montana (Linn.) Plentiful. B.S. V. 


ERICACEAE. 


Vaceinum Myrtillus (Linn.) Common on the northern face. B. 
Erica Tetraliz (Linn.) Not uncommon. 

Erica cinerea (Linn.) Plentiful. B. N. 

Calluna vulgaris (Salisb.) B. N: 
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GENTIANACEAE. 


Erythrea Centaurium (Pers.) Pasture near the village. B. 


ScROPHULARACEAE. 


+ Veronica polita (Fries.) B. Colonists, near houses and potato 
| Veronica arvensis (Linn.) B. gardens. 
Veronica serpyllifolia (Linn.) Looks native. B. 
Euphrasia officinalis (Linn.) Not the fleshy and compact form I 
have noticed on Achill Island, Mayo ; and also on the Island of 
Staffa, Scotland. The specimens were, however, small. B. VY. 
{Bartsia Odontites (Huds.) B. Y. 
Pedicularis sylvatica (Linn.) Frequent. B. 


LABIATAE. 


Thymus Serpyllum (Fries.) Frequent. B. V. 

Prunella vulgaris (Linn.) Common. B. VY. 

Stachys palustris (Linn.) B. 

Galeopsis Tetrahit (Linn.) Roofs of thatched houses, &e. B. 


t{Zamium amplexicaule (Linn.) B. All colonists in potato gardens 
tLamium incisum (Willd.) B. and among corn; ZL. amplexi- 
tLamium purpureum (Linn.) B. V. caule rare. 


Teucrium Scorodonia (Linn.) Thoroughly exposed on the slopes of 
the Great Blasket and Innishnabro to Atlantic storms. B. N. 


BoRAGINACEAE. 


{Myosotis arvensis (Hoffm.) Near cultivation. B. V. 


PRIMULACEAE. 


Primula vulgaris (Huds.) On the cliffs of the Great Blasket only, 


growing in exposed situations. B. 


Anagallis arvensis (Linn). Far from cultivation on the uninhabited 
island of Innishnabro. B.N 


Anagallis tenella (Linn.) Common. B. V, 


PLUMBAGINACEAE. 


Armeria maritima (Willd.) Common. B. §&. 
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PLANTAGINACEAE. 


{Plantago mayor (Linn.) With Trifolium pratense in pastures ; a doubt- 
ful native. B. 
{Plantago lanceolata (Linn.) B.S. N. 
Plantago maritima (Linn.) Strange to say this very common species 
is not marked off in my list as occurring on the Blaskets. It 
must be abundant, and I have therefore inserted it. B.S. 
Plantago coronopus (Linn.) B.S. 


CHENOPODIACEAE. 


Suaeda maritima (Dum.) Only noticed on the Tearaght Rock, and 
at a considerable elevation, probably 400 feet above the sea, 
on the rocky face of the cliff. T. 
Beta maritima (Linn.) Not seen on the Great Blasket ; abundant on 
the Skelligs. S. N. 
{Chenopodium album (Linn.) Among crops. B. 
{Atriplex angustifolia (Sm.) As in Boffin, I did not meet with A. 
hastata (Linn.) B. 
Atriplex Babingtoni (Woods.) On the high margins of the cliffs up 
to 400 feet above the sea. B.S. V. 


PoLYGONACEAE. 


{Rumez obtusifolius (Auct.) B. V. 
{Rumex crispus(Linn.) B. 
Rumex Acetosa (Linn.) B.S. V.N. 
Rumea Acetosella (Linn.) Very luxuriant on the northern face of the 
Great Blasket among sheltered rocks. B. 
Polygonum aviculare (Linn.) B. 
Polygonum Persicaria (Linn.) B. V. 


EMPETRACEAE. 


Empetrum migrum (Linn.) In one place, about 700 feet above the 
sea on the northern cliffs. Procured only by dislodging the 
specimen with stones. B. 


EUPHORBIACEAE. 


| Euphorbia Helioscopia (Linn.) Sparingly among crops. Bb. 
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URTICACEAE. 


*Urtica dioica (Linn.) Only near houses, and on the borders of culti- 
vated ground. B. 


ORCHIDACEAE. 


Orchis maculata (Linn.) Rare—in one spot only on the southern 
slope. 


LIniAcEsAzE. 


Scilla nutans (Sm.) Only on the north side, growing among rocks 


on the cliffs, with Primula vulgaris, Valeriana officinalis, 
cs BD: 


JUNCACEAE. 


Luzula sylvatica (Beck.) Plentiful on the northern cliffs. B. 
Luzula multiflora (Koch.) Common. B. N.' 

Juncus conglomeratus (Linn.) B. V. 

Juncus lamprocarpus (Khrh.) B. 

Juncus supinus (Moench.) Common. B. V. 

Juncus bufonius (Linn.) VY. 

Juncus squarrosus (Linn.) Hilly pastures. B. 


CYPERACEAE. 


Scirpus setaceus (Linn.) Frequent. B. 

Scirpus Savii (5. & M.) Less common. B. 

Eriophorum angustifolium (Roth.) Frequent. B. V. 

Carex disticha (Huds.) Only on the highest portion of the Great 
Blasket. 5B. 

Carex stellulata (Good.) Common. B. V. N. 

Carex vulgaris (Fries.) Common. B. 

Carex glauca (Scop.) North of the village. B. 

Carex pilulifera (Linn.) Frequent. B. 

Carex panicea (Linn.) Common. B. V. 

Carex binervis (Sm.) Abundant. B. 


Carex flava (Linn,) Var. lepidocarpa (Tausch.) Sparingly. B. 
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GRAMINEAE. 


Anthoxanthum odoratum (Linn.) Frequent. B. N. 
Agrostis canina(Linn.) Rare. B. 
Agrostis alba (Linn.) Plentiful. B.S. V. 
Agrostis vulgaris (With.) Common. B. 
Aira caryophyllea (Linn.) B. 
Aira praecoz (Linn.) B. 
Avena elatior (Linn.) B. VY. 
Hfolcus lanatus (Linn.) On the Great Skellig and Tearaght this grass 
grows very luxuriant. B.S. V. 
Triodia decumbens (Beauy.) Common. B. V. 
Koelerva cristata (Pers.) Shore near the village. B. 
Sclerochloa loliacea (Woods.) Sandy strand near the village. B. 
Poa annua (Linn.) B. 
Poa pratensis(Linn.) B. 
{Poa trivialis (Linn.) B. V. 
Dactylis glomerata (Linn.) B. 
Festuca scvuroides (Roth.) B. 
Festuca ovina (Linn.) B. V. 
Festuca rubra (Linn.) B. Y. T. 
{Bromus mollis (Linn.) Rare, and possibly introduced. B. 
Triticum repens (Linn.) B. 
Triticum junceum (Linn.) Near the strand. B. 
“Lolium perenne (Linn.) Relic of cultivation. B. 
Nardus stricta (Linn.) Plentiful. B. Y. 


FILices. 


Hymenophyllum unilaterale (Willd.) On the northern cliffs among 
loose rocks. B. 

Pieris aquilina (Linn.) Common. B. Y. 

Lomaria spicant (Desv.) B. 

Asplenium marinum (Linn.) No specimens from the Blaskets, but I 
, believe it was observed. S. 

Asplenum Adiantum nigrum (Linn.) Frequent. B. 

Athyrium Filiz-foemina (Bernh.) Common. B. V. 

Nephrodium dilatatum (Desv.) Frequent. B.N. VY. 

Nephrodium emulum (Baker.) Not uncommon. B. N. 

Polypodium vulgare (Linn.) Scarce. B.N. 
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List oF PLANTS FOUND ON THE FOLLOWING Istanps :— 


Tory Island, Co. Donegal. 
Aran Island, Co. Donegal. 
Tnnishbofin Island, Co. Mayo. 
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Arran Islands, Galway Bay. 
Blasket Islands, Co. Kerry. 


(See page 372, foot-notes.) 


List OF PLANTS. 


Thalictrum minus, 
Ranunculus trichophyllus, 
is Baudotti, . 
a heterophyllus, 


a5 hederaceus, 

ie flammula, . 

lingua, 

af acris, 

repens, . 

bulbosus, . 

Caltha palustris, 
Aquilegia vulgaris, 
Nuphar lutea, 


Papaver dubium, 
Glaucium luteum, 
Fumaria pallidiflora, 

>  confusa, 

», officinalis, 
Cakile maritima, 
Crambe maritima,  . 
Rhaphanus Raphanistrum, 

an maritimus, 
Sinapis arvensis, . 

a alba, 

ne nigra. 

Brassica Napus, 
Sisymbrium officinale, | 
7A Alliaria, 
Hesperis matronalis, 
Matthiola sinuata, 
Cardamine pratensis, 

. hirsuta, 

ss sylvatica, 
Ayvabis ciliata, 

», hirsuta, 
Barbarea vulgaris, 
Nasturtium officinale, . 

es palustre, 
Cochlearia officinalis, 

an danica, 
Draba verna, 

Thlaspi arvense, . 3 
Capsella bursa-pastoris, 


Tory. | Aran, | Bofin.| home, 
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North 
Aran, 


South 


Bofin. Arran, 


List oF PLANTS. Tory. Blaskets, 


Senebiera didyma, : ; ; — | — 
ip Coronopus, . ‘ : — — 
Reseda, lutea, : 5 : : ; — —_ 
Peuteola. | . : : : — a 
Helianthemum guttatum, . : : — — 
Fs canum, : : : — | 
Viola palustris, . : ; : ; = 
ee) hirta, 
> sylvatica, 


elle 


1 

Drosera rotundifolia, = 
Polygala vulgaris, — 
- depressa, 1 
Silene inflata, = 
maritima, . 1 
Lynchnis Flos- cuculi, = 
59 Githago, — 
Cerastium tetrandrum, 1 
5 glomeratum, — 

53 triviale, 1 
arvense (Andrewsii), : — 

Stellaria media, . 3 5 4 : 1 
1 

1 

1 

1 

1 

1 


»  graminea, 

»,  uliginosa, 
Arenaria serpyllifolia, . 
Honkeneja peploides, 
Alsine verna, 

Sagina maritima, 
»,  apetala, 
5, procumbens, 
»  subulata, . 
5, nodosa, 
Spergula arvensis, 
Spergularia neglecta, 
i rupestris, 
Montia fontana, . 
i Elatine hexandra, 
Hypericum Androsemum, 
5 tetrapterum, 
rr. humifusum, : : — 
a pulchrum, : : : — 
Ap elodes, ‘ : ; : — 
Lavatera arborea, ; : : “= 
Malva sylvestris, ; : — 
Radiola millegrana, : P 1 
Linum catharticum, : : : — 
Geranium sanguineum, : : : -— 
on molle, . , ; : 5 — 
3 dissectum, . ; ; : — 
45 lucidum, ; : ; : — 
- Robertianum, E : 5 — 
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North | 


Aran. | Bofin. nae 


/Apaaean. Blaskets. 


List OF PLANTS. Tory. 


Erodium cicutarium, . ? : ! — 

>>  moschatum, . : : . — 
Oxalis Acetosella, ‘ ‘ ; : — 
Ilex Aquifolium, 2 : : ; = 
Euonymus europeus, . : P a te 
Rhamnus catharticus, . ; : : — 
Ulex europeus, . : : : , — 


Ee Theta | 


es ; : ‘ ; : : 
Anthyllis vulneraria, . : ‘ ; = 
Medicago lupulina, : ‘ 3 = 
Trifolium pratense, : : : 1 
- medium, ; : : = 
» _-arvense, ‘ 4 ; é = 
nA repens, : : é Sed 
,» procumbens, : Seg —_ 
minus, : ; : : = 
Lotus corniculatus, ‘ : : 1 
oy MOR) AG : : : é = 
Astragalus hypoglottis, d : — 
Vicia Cracca, 3 : A : : 1 
PSepiulm,. | : : : : = 
>, Sativa, é : : : ‘ = 
,, angustifolia, : : ; : = 
Lathyrus pratensis, . : : 3 = 
Prunus spinosa, . : ; 5 , == 
Spirea Ulmaria, : : : _ 
Agrimonia Eupatoria, : : : — 
Poterium Sanguisorba, ; d ; = 
Alchemilla arvensis, - : , : = 
vulgaris, . : ‘ : == 
Potentilla Tormentilla, ; : : 1 
55 procumbens, : : : a 
a) reptans, ; , 3 
x anserina, . ; 5 : 1 
Comarum palustre, 
Fragaria vesca, 
Rubus discolor, 
;,  thyrsoideus, 
carpinifolius, 
;,  villicaulis, 
>> ceesius, 
saxatilis, 
Geum urbanum, s 
Rosa canina, 
| ,5_ -Spinosissma, ; 
| Crategus Oxyacantha, . 
Lythrum Salicaria, 
Peplis Portula, 
Epilobium hirsutum, 
” parviflorum, 
op mortanum, 
Be obscurum, . 
8 palustre, 
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South 


INeaeaei Blaskets. 


List oF PLANTs. Tory. 


Cirezea lutetiana, = 
Myriophyllum alterniflorum 5 : 1 
Hippurus yulgaris, : : 
Callitriche verna, : : : : 1 
platycarpa, Peal 
hamulata, = 

Sedum Rhodiola, . : : : _ 
»  anglicum, : : : est 


Rio gacre; : : : : == 
Cotyledon Umbilicus, . : = 
Saxifraga umbrosa, : = 

Fi pagarey lies, 

Pe hitta, 

3 hypnoides, 
Hydrocotyle vulgaris, . 
Sanicula europea, 
Eryngium maritimum, . 
Apium graveolens, : : | 
Helosciadium nodiflorum, . F an 

- inundatum, . : : 
Pimpinella magna, 3 : : sme 
AXgopodium Podagraria, 
Zithusa Cynapium, 
Ligusticum scoticum, - 
Crithmum maritimum, 
Angelica sylvestris, 
Patsinaca sativa, . 
Heracleum Sphondylium, 
Daucus Carota, 

Torilis Anthriscus, 
pe ROGOSas a 
Cherophylum Anthriscus, 

3 sylvestre, 
Conium maculatum, 
Smyrnium olusatrum, . 
Hedera Helix, 

Cornus sanguinea, : ; ; 
Sambucus nigya, . : : ; eh ee 
, 5 Ebulus, : : : Sita ae er 

Viburnum Opulus, 2 ; ; ee 

Lonicera Periclymenum, : bye est 
Rubia peregrina, . E ; ; : | = 


| | 


(li ee eli 


Lol Lol | Lol wol | | wr! ror! 09 | 


fell littlest eeet 1 


Galium boreale, 
> verum, 
»,  sSaxatile, 
»,  sylvestre, . 


», palustre, . : . | 
»,  Witheringii, . . se Ny Lee 
Aparine, . 
Asperula eynanchica, 
Sherardia arvensis, 
Valeriana officinalis, 
Valerianella olitoria, 
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South 


Ava. Blaskets. 


List oF PLANTS. Tory. 


Scabiosa succisa, . 1 
Silybum Marianum, — 
Carduus tenuiflorus, — 
5 nutans, — 

»,  lanceolatus, 1 

» palustris, — 

5 pratensis, 1 

>> arvensis, 1 
Carlina vulgaris, — 
Arctium minus, ; = 
>,  intermedium, . 1 
Centaurea nigra, . 1 
) Scabiosa, _ 
Chrysanthemum segetum, . 1 
b Leucanthemum, : Ss 
Matricaria inodora, 5 1 
Tanacetum vulgare, — 
Achillea Millefolium, — 
»  Ltarmica, — 

| Artemisia Absinthium, . — 
bs vulgaris, : : : 1 
Filago germanica, : : : ; — 
: c 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Gnaphalium uliginosum, 
a4 dioicum, 

Senecio vulgaris, . 

»  sylvaticus, 

>  dacobeea, 

»  aquaticus, 
Inula dysenterica, 
Bellis perennis, 
Aster Tripolium, . 
Solidago Virga-aurea, 
Tussilago Farfara, 
Eupatorium cannabinum, 
Lapsana communis, 
Hypocheris radicata, 
Leontodon hirtus, 

A autumnalis, 
Taraxacum officinale, 
Sonchus oleraceus, 

» _-asper, 

AS arvensis, 
Crepis virens, ; : : 5 
Hieracium Pilosella,  . : : s = 
anglicum, . ; ; : — 
Lobelia Dortmanna, ; : : : = 
Jasione montana, ‘ 3 F : 1 
Campanula rotundifolia, ; : , — 
Vaccinium Myrtillus, . : ; : — 
Arctostaphylos Uva- a : : f = 
Erica Tetralix, . 3 3 s = 
», cinerea, a ; 5 i p 1 
Calluna vulgaris, : : : 1 
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List OF PLANTS. 


Fraxinus excelsior, 
Erythrea Centaurium, 
Chlora perfoliata, . 
Gentiana verna, 

»> campestris, 
Menyanthes trifoliata, . 
Conyolyulus arvensis, . 

39 sepium, 

sf Soldanella, 
Solanum dulcamara, 
Verbascum thapsus, 
Scrophularia aquatica, . 

5 nodosa, 
Digitalis purpurea, . 
Linaria vulgaris, . 
Veronica hederifolia, 

oy WON : 

» agrestis, 

»» arvensis, 

»  serpyllitolia, . 

5» officinalis, 

»  Chamedrys, . 

»,  Anagallis, 

Beccabunga, . 
Euphrasia officinalis, 
Bartsia odontites, 
Pedicularis palustris, 

sylvatica, 
Rhinanthus Crista-galli, 
Orobanche Hedere, 
Lycopus europzus, 
Mentha aquatica, 

5 arvensis, 
Thymus serpyllum, 
Calamintha officinalis, . 
Nepeta Glechoma, 
Prunella vulgaris, 
Scutellaria minor, 
Marrubium vulgare, 
Stachys palustris, 

», sylvatica, 

arvensis, 
Galeopsis Tetrahit, 
Lamium amplexicaule, 

“A intermedium, 

»  incisum, 

>)  purpureum, 
Ajuga reptans, . 

»  pyramidalis, 
Teucrium Scorodonia, . 
Lithospermum officinale, 
Myosotis ceespitosa, . 

“py palustris, 


Tory. 
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North | 
Aran. | Bofin. 


List oF PLANTS. Tory. poate Blaskets. 


Myosotis repens, . : . s 
oN arvensis, : : - 
ar versicolor, 

Symphytum officinale, . F 

Pinguicula vulgaris, . 3 

5 lusitanica, 

Utricularia minor, 

Primula vulgaris, 3 

Lysimachia nemorum, 3 

Anagallis arvensis, 

. tenella, 

Centunculus minimus, . 

Glaux maritima, . 

Samolus valerandi, 

Armeria maritima, j ‘ : ; 

Statice occidentalis, . . : ae 

Plantago major, . : 

55 lanceolata, . 
i maritima, 
- coronopus, 

Littorella lacustris, 

Sueda maritima, . 

Salsola Kali, 

Salicornia herbacea, 

Beta maritima, 

Chenopodium album, 

Atriplex littoralis, 

5 angustifolia, 
5p erecta, . 
5 deltoidea, 
5 Babingtonii, 
Rumex conglomeratus, 
»,  obtusifolius, 
9»  erispus, 
>» Acetosa, . : : ; 
>,  Acetosella, . : : oll 
Polygonum convolvulus, 
5 aviculare, . 
3 Raii,, ~~. 
5 Hydropiper, 
3 Persicaria, 
3 amphibium, 
Empetrum nigrum, . 2 : : 
Euphorbia Helioscopia, : : | 
an Paralias, . C : 5 
- portlandica, 
¥ Peplus, 

Parietaria officinalis, 

Urtica dioica, 

»»  urens, : B 
Humulus Lupulus, 
Quercus robur, 

Corylus avellana, 
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Bofin. pees 


North 
Aran. EOE 


List oF PLANTs. Tory. 


Alnus glutinosa, . = 
Betula alba, —_ 
Myrica Gale, 5 : : = 
Populusalba,  . : : < = 
»,  tremula,: : 3 6 —_ 
Salix viminalis, — 
»  NSmithiana, = 

5» cinerea, ; : : — 
»,  aurita, ‘ : : 5 - = 
»»  caprea, = 
repens, 1 

J uniperus communis, — 
eee nana, = 
Sparganium affine, 1 


Lemna minor, . : 3 : : — 
Potamogeton natans, . : : — 
a polygonifolius, . : 1 
55 pusillus, . ‘ é : — 
35 pectinatus, 
Zostera marina, : 
Triglochin palustre, 
5 maritimum, 
Alisma ranunculoides, . 
Orchis pyramidalis, 
5,  Imascula, 
»  maculata, . 
Gymnadenia conopsea, 
Habenaria viridis, 
Spiranthes autumnalis, 
Tris Pseud-acorus, ; : 
Narcissus biflorus, ; , 3 
Allium Babingtonii, 
Scilla nutans, 
Narthecium ossifragum, 
Eriocaulon septangulare, 
Luzula sylvatica, 
5, campestris, 
» multiflora, 
Juncus maritimus, ‘ c 
conglomeratus, 
», effusus, : 4 
acutifiorus, : 2 
»,  lamprocarpus, . 
supinus, 
»,  bufonius, 
> Gerardi, 
»>  compressus, 
squarrosus, 
Schoenus nigricans, 
Rhynchospora alba, 
Scirpus palustris, 
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List oF PLANts. Tory wor Bofin. Seo Blaskets, 
Scirpus-multicaulis, . .... .. 1 2 3 — a 
Jey gta Soh 0s MC ea es ae —_— — 3 Sal Ole 
>>  Naviil, . : : 4 : 1 2 3 4 5 
9»  setaceus, . — — — 4 5 
»» lacustris, . — — — 4 _ 
»  lMaritimus, : — 2 — 4 — 
Eriophorum angustifolium, . : — — 3 = 5 
Carex pulicaris, . : ; —_— — 3 — — 
5,  disticha, 3 3 6 — = = — 5 
>> arenaria, . ° ° 6 : _— 2 3 4 — 
>, vVulpina, . : : — — — 4 — 
»  Stellulata, . : : — 2 3 = 5 
3) vulgaris, y ; 1 2 — _— 5 
yy) glauca, : A : 1 2 3 4 5 
»>  Ppilulifera, . C : s — — — — 5 
we preecox, . 3 3 i ‘ — 2 3 — _ 
3)  panicea, . : 4 — — 3 — 5 
>,  binervis, : — 2 3 — 5 
»  distans, — 2 3 4 — 
>)  extensa, 1 9 3 Las Beith 
», flava, — — — 4 — 
>,  lepidocarpa, — -- 3 — 5 
55  cederi, 1 — _ 4 _ 
»,  ampullacea, _ — 3 — — 
Anthoxanthum odoratum, 1 2 3 4 5 
Digraphis arundinacea, _— — = 4 = 
Alopecurus geniculatus, 1 — = 4: = 
3 pratensis, — 2 — — — 
Phleum pratense, — — — 4 — 
cs arenarium, = — — 4 = 
Sesleria cerulea, . — — — 4 — 
Agrostis canina, . 1 2 3 4 5 
eA avalbay eos. 1 2 3 4 5 
95 vulgaris, 5 — 2 3 4 5 
Psamma arenaria, , A — — 3 — — 
Calamagrostis Epigejos, 5 . — — 3 4 — 
Phragmites communis, : : ; 1 2 3 4 _ 
Aira cespitosa, . : 6 - : — 2 — 4 — 
»» flexuosa, . 5 B i — 2 3 _ — 
»» caryophyllea, . - 6 — 2 3 4 5 
»>  preecox, y : 2 1 2 3 4 5 
Avena fatua, 2 : i — = 3 — — 
» @latior, . A : 4 — 2 3 4 5 
Holcus lanatus, . $ 4 8 1 2 3 4 5 
Triodia decumbens, . 4 - 1 2 3 _— 5 
Keeleria cristata, . - H — — 3 —_— 5 
Molinia crulea, . — 2 3 4 — 
Catabrosa aquatica, . é . — 2 —_ = — 
Glyceria fluitans, d 6 4 1 2 3 4 — 
a plicata, . : 5 : — — 3 _ _ 
Sclerochloa maritima, . — 2 — 4 — 
a3 rigida, : C . : — — — 4 — 
am loliacea, 0 : 1 — 3 4 5 
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LXI.—On tHe Borany or tHe Gatrer Mountarns, Co. Treprrary. 
By Henry Cuicurster Hart. 


[Read, February 14, 1881.] 


Havine received a grant from the Royal Irish Academy, in 1880, to 
enable me to examine the Botany of the Galtee Mountains I beg to 
lay the following results before the Academy :— 

Upon the 3rd of August I reached Tipperary, and the following 
day commenced the detailed exploration of the mountains. My visit, 
owing to rough weather, was later than I had intended; but the 
flowering season was not very far advanced when I arrived, and haying 
spent six days upon the range, I do not think it likely that many 
plants of interest escaped my notice. 

The Galtee range extends for about fifteen miles, from Caher at 
the eastern to Massy Lodge at the western extremity. These moun- 
tains form a long ridge, intersected by no transverse valley, and 
sloping with tolerable evenness to the plains on the south, while 
they descend with abrupt declivities and a series of cliff-girt tarns to 
the Vale of Aherlow upon the north. This ridge, which maintains an 
elevation of above 2500 feet for eight or nine miles, and reaches its 
greatest height (8015 feet) at Galtymore, about the centre of the 
range, forms an accurate boundary for the alpine vegetation of the 
range. Upon the slopes descending southward, though starting from 
the summit, I met with no alpine or northern type plants; all these, 
which form its chief botanical interest, lie on the northern face of the 
mountains. 

The geological structure of this backbone of the Co. Tipperary is of 
Silurian age, with overlying beds of Old Red Sandstone conglomerate, 
reaching to the summit at Galtymore. The Silurian beds are chiefly 
a series of clayey and micaceous shales and slate, which form con- 
siderable precipices upon the northern side, overhanging and nearly 
surrounding several mountain lakes. To these favoured spots the 
alpine vegetation of the mountain is almost entirely confined. 

As we go from east to west, we meet with four of these lakes, 
namely—Lough Curra (1850 feet); Lough Diheen, ‘‘ Tanyagh” of 
the natives (1800 feet); Lough Borheen (1700 feet); and Muskry 
Lough (1500 feet), the numbers after each representing their esti- 
mated height above sea-level. Of these, Lough Curra is the most 
interesting to botanists, as well as being the easiest of access; the 
cliffs descend from about 1000 feet above, sheer into the water, and 
around its shores several alpine plants grow luxuriantly. Lough 
Diheen is the most remote, and the scenery around it is very imposing: 
this lake and its shores are quite devoid of vegetation—on one side 
lies a terminal moraine, the relic of an ancient glacier; the water is of 
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an intensely-dark hue; and the sombre colouring of the lofty cliffs 
above give quite an arctic character to the scene. 

In order to point out to a botanical friend the chief points of inte- 
rest upon the Galtee Mountains, I would ask him to accompany me 
upon a long and arduous walk, from Massy Lodge at the western 
extremity of the range to Caher at the east, and to visit on our way 
each of the lakes and the cliffs, slopes, and river beds upon either 
side. 

At about 700 or 800 feet above sea-level cultivation has ceased to 
affect the flora, and we no longer meet with any species introduced 
by the agency of man. If we ascend Thumpadour, 2570 feet on 
Ordnance Map, my botanical friend will be no doubt much disap- 
pointed at not gathering a single plant of interest. To the east 
of this summit lies a considerable depression, so that this first point 
is an isolated outlier of the range. Encouraged by this reflection 
we cross this valley, and ascend Corrig-na-binnian, 2712 feet. On 
the way up, Sazifraga stellaris is met with; and on the northern 
bluffs, below the summit, S. hirta (vars. affinis and platypetala), a cha- 
racteristic plant of these mountains, may be seen. On the northern 
side of this summit there is a considerable valley, Glan-cush-na- 
binnian, in which, at about 1500 feet below the summit, Jeconopsis 
cambrica may be gathered; it grows here in several places by the 
stream above Stone Park. Here, too, we find Scolopendrium vulgare, 
a couple of plants by a waterfall, the only place it appears to occur 
on the mountains; Carex ovalis also grows in this valley, elsewhere 
met with only at Lough Muskry, and below Lough Curra. Ad- 
yancing eastward from the last summit to the heights above Lough 
Curra, and descending about 200 feet on the north of the ridge, we 
may gather Hymenophyllum tunbrigense ; and on cliffs a little below 
the point marked 2544 feet on the Ordnance Map, about half a mile 
west of Lough Curra, we first meet with Asplenium viride and Cysto- 
pteris fragilis. These two ferns become abundant and luxuriant 
around and above Lough Curra. In one place here, too, grows the 
rare Arabis petrea, whose only previously-known habitat in Ireland is 
Glenade Mountain, in Co. Leitrim. It grows here in small quantities 
upon one bluff, facing east of north, at an altitude of about 2600 feet, 
above and to the west of Lough Curra. There were neither flowers 
nor pods upon this scarce little crucifer, but a comparison with living 
specimens in the College Botanic Gardens enabled me to identify the 
plant. This was the most interesting plant observed upon the 
Galtees. 

Besides the species already named, several other alpine plants 
abound around Lough Curra, especially at and for about 100 feet 
above the lake—as Oxyria reniformis, Sedum Rhodiola, Saxifraga stel- 
laris, Cochlearia officinalis (var. alpina), and in smaller quantities Hie- 
racium anglicum. The lake itself contained no aquatic plants, except 
Litorella lacustris—not even Callitriche hamulata. These cliffs are 
more alpine in character than those around the other lakes, contain- 
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ing, as they do, the greatest number of alpine and the smallest of 
lowland plants. Lough Curra is easy of access, and will well repay a 
visit. 

From here we will make a descent by the stream from the lake to 
the borders of cultivation at about 750 feet, noting the heights at 
which the more lowland species begin to appear, and reversing the 
process upon our return, so as to obtain the lower limits of the alpine 
species. Upon this detour, we meet with Pinguicula lusitanica and 
Drosera rotundifolia sparingly, in one place at an altitude of 850 to 900 
feet; these were not met with elsewhere upon the Galtee range, and 
the rarity of plants so frequent on Irish mountain ranges seems un- 
accountable. ‘The results of these observations will be found in the 
appended list; but it may be mentioned here, that none of the <lpine 
plants, except Saxifraga stellaris, descend below the levels of the cliff- 
bases, corresponding with the altitudes of the lakes given above. 

Having examined the attractive, though dangerous, precipices of 
Lough Curra, and the high ground above, as well as the northern 
slopes below, we will take a botanical survey of the southern descent 
towards Mitchelstown. Once the ridge is crossed and we face down- 
wards, we meet with a gradually-diminishing mountain flora of the 
commonest type, which, as far as my observations went, contained no 
remarkable plant. Four distinct excursions upon this southern aspect 
of the Galtees led me to this conclusion; we will, therefore, resume 
our course at Lough Curra, and pursue it in an easterly direction. 

Having crossed a spur running north from Dawson’s Table (Galty- 
more), we came upon Lough Diheen (1800 feet)—a small and perfectly 
barren tarn sunk in-a cradle of glacial drift. This lake is about three 
parts surrounded by precipices, which do not quite reach the water, 
and is fringed with piled moraine matter in a barrier about 20 to 
80 feet high. To the student of ice-action this lake will be of in- 
terest, but to explore the botany we must scramble up amongst 
the precipices. Keeping upward towards Galtymore, and examining 
the different ledges on the faces of. the cliffs, we notice merely a 
diminution in the flora, and find nothing of much interest until within 
about 400 feet of Galtymore. Here is a small patch of the rare 
Saussurea alpina, consisting of but four or five plants. This plant has 
been hitherto known only from two places in the Kerry mountains, - 
and was recently rediscovered by me in the Co. Donegal. We will 
leave these few roots undisturbed. Many lowland plants abound 
here at an unusual height. Chrysosplenium oppositifolium and Montia 
fontana are very plentiful within 200 feet of the summit, and Rhin- 
anthus Crista-galli occurs at an altitude of about 2400 feet. As we 
still travel east from Lough Diheen, and examine the bases of the 
wet bluffs and north-looking cliffs, we again notice Asplenium viride 
and Oxyria reniformis, though decreasing in quantity. Saxifraga lirta, 
vars. genuina, platypetala and affinis, also occur, the last two being 
the most abundant. At an altitude of about 2600 feet north of 
Lough Diheen, Salix herbacea also appears; it occurred previously 
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in one place about 20 feet below the summit of Galtymore, and 
ranges eastward from that to the Muskry cliff. This alpine plant 
chooses the cracks and fissures in bare and wind-blown summits, 
despising the moisture and shelter which the others seem to require. 
After a few more hours’ climbing we come in view of Lough Borheen 
(1700 feet). The vegetation around this lake is less alpine in charac- 
ter than that of the others, and around its shores many fresh lowland 
species occur, as Bellis perennis, Trifolium pratense, T. arvense, Leontodon, 
Taraxacum, &c. At the northern corner, and down to the level of the 
lake, Asplenium viride and Saxifraga hirta, var. platypetala ; and here, 
for the first time, we gather the London Pride Saxifrage (Saxifraga um- 
brosa), which is a truly alpine plant upon the Galtee range, although 
it does not extend westward to Galtymore. Eastward of Lough Bor- 
heen it becomes abundant; near this lake, too, about a quarter of a 
mile east, we find Vaccinium Vitis-idea for the first time. It appears 
again at Lough Muskry. 

Having explored this coomb and its surroundings, we will pursue 
our line of march, keeping along the high ground which breaks at 
length into the magnificent range of cliffs above Lough Muskry. I 
spent a long day climbing amongst their numerous clefts and ledges, 
the cliffs themselves towering to a height of about 1200 feet in vast 
verdant walls and terraces to the north and north-east of the lake. 
With the exception of Arabis and Saussurea, the alpine plants re- 
appear here in great profusion. Two rarities seem peculiar to these 
cliffs, Thalictrum minus and Geum rivale, occurring up to 2000 feet. 
The most-finely cut leaved form of Saxifraga hirta (i.e. var. genuina) 
is very abundant here, forming in some places the entire green sward 
at the base of the cliffs. Several plants also reach an unexpected 
altitude above Lough Muskry. Carex paniculata grows at the level 
of the lake (1500 feet), and above it to a height of 1900 feet. Other 
lowland plants not before gathered occur around its shores, amongst 
which a remarkably starved form of Polygonum hydropiper may be 
mentioned, 

We will make a descent from here into the Vale of Aherlow, and 
repeat the same observations upon the upper and lower limits of the 
two groups of plants, lowland or mountain. On this part of the 
Galtees we gather Sarothamnus scoparius and Lastrea emula, on the 
borders of an extensive plantation, at about 800 feet altitude. The 
fern is scarce on the Galtees, but it occurs also on the southern side at 
about 1200 feet. A few other plants of no special interest are added 
to the list ; and bearing upwards and to the east again, we will follow 
the range, down to Caher. Along the crest of the cliffs above Lough 
Muskry, at about 2600 feet, Himpetrum nigrum, Lycopodium selago, 
Saxifraga stellaris, and S. umbrosa occur: soon these latter three dis- 
appear, and the usual mountain plants are alone to be met with. 
The eastern extremity of the range is very barren; some points and a 
considerable extent on their flanks being entirely free from vegeta- 
tion—a desolate waste of sandstone and conglomerate débris. 
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At Sheve Anard (1457 feet), Pteris aquilina occurs, about 100 feet 
below the summit—a remarkable altitude for this fern; and at 1250 
feet Ulex Gallii and U. europeus appear together—an unusual height 
at which to meet either kind of furze. Nothing worthy of mention 
will be met with at this extremity of the range, which descends 
gradually into the plain of Tipperary. 

The foregoing is a sketch of the ground gone over and observya- 
tions taken during six consecutive days, which I divided as follows :-— 
First day (August 4)—From Tipperary to Lough Curra, examined 
shores and cliffs about lake; reached summit of Galtymore, and 
walked down to Mitchelstown. This day it never ceased pouring 
rain. Second day—From Mitchelstown by the mountain lodge to the 
ridge above Lough Borheen, making many detours on the southern 
slopes; examined shores and cliffs of this lake, and travelled west- 
ward along cliffs above Lough Diheen to a further examination of 
Lough Curra; walked into Tipperary. Third day—Up by Knock- 
moyle and other summits to Lough Diheen ; climbed cliffs and ravines 
to the north of the lake, and along ridges, and all the range down to 
Massy Lodge at its western end, home to Tipperary. Fourth day—Up 
to Lough Curra again, to examine some ravines not previously searched, 
and then explored eastwards along the range to Caher. This was a 
dreadful day on the mountains; storm and rain from start to finish. 
Fifth day—Up the northern side from near Castlemary (about half 
way between Tipperary and Caher), through an extensive plantation 
to Lough Muskry ; spent the day amongst the precipices there, and 
had much severe climbing; walked into Tipperary. This was a long 
and successful day’s work. Sixth day—Up by Stone Park, through 
Glan-cush-na-binnian, and along ridge to Loughs Curra and Diheen, 
and home to Tipperary; a very wet afternoon, and there seemed 
nothing left that required exploration ; so that I concluded my labours 
with this walk. Thus I hope that I explored the range completely, 
with the exception of the lowland portions, especially on the southern 
side. An accident, which I much regretted, was the breaking of my 
aneroid, and I was deprived of its use until two days before leaving. 
However, on the last day, I verified many points which I had before 
estimated from the heights given on the Ordnance Map, and I took 
many observations of points by which to check my previous notes. I 
cannot refrain from mentioning here what a misfortune it is that the 
southern counties are not marked with the contoured lines of eleva- 
tion on the Ordnance Maps, as the northern are. It seems very 
strange that at present there is no means, from any map, of finding 
the altitudes of such well-defined bases for observation as mountain 
lakes, or indeed of any points except the marked summits. There 
are four mountain lakes (some of considerable size) on the Galtee 
range, and yet there is no record in the Ordnance or Geological 
Survey Offices of the heights of any one of these lakes above sea 
level. This was a condition of affairs I had not foreseen; and had I 
known I was to be entirely dependent upon my aneroid, I should 
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have taken care to have provided myself with a spare one. Even s0, 
however, some authenticated observations by the officers of the Survey 
would be desirable as a check. 

In summarizing the results of my observations, I wish first to 
mention that my friend A. G. More agrees with me that a slight 
alteration in the relative boundaries of Districts 6 and 2 of the Cybele 
Hibernica would be advantageous. As the map there stands, the 
Galtee range enters into both these districts; and I would suggest 
that the part of District 6 which includes a small western portion of 
the Galtee range be joined to District 2. The road running south, 
from Galbally to Ballyarthur, would form a good natural division, and 
in this way the whole Galtee range is included in District 2. A 
glance at the map will show that this is a natural division. 

The following is a list of the alpine plants, ten in number, found 
upon the Galtees—all of these belong to Watson’s Highland type :— 


Arabis petrea. Vaceinium Vitis-idea. 

Sedum Rhodiola. Oxyria reniformis. 

Saxifraga stellaris. Salix herbacea. 

Mieracium anglicum. A splenium viride. 

Saussurea alpina. Cochlearva officinalis (var. alpina). 


This alpine flora is below the average for Irish mountain ranges, 
and this is the more remarkable when the elevation of the Galtymore 
chain is considered. In fact, with the exception of the Wicklow 
mountains, the highest point of which is a few feet higher than 
Galtymore, the Galtees yield the poorest flora of any range in Ire- 
land. On the other hand, they can carry up many lowland species to 
an unusual altitude. Another feature in the flora of this range is 
worthy of notice—the extreme rarity, or entire absence, of many 
common Irish mountain plants. It is, of course, unsafe to say that 
any species not observed is really absent, but I can safely say that 
the following are very rare or wanting :—Drosera rotundifolia, Pin- 
guicula lusitanica, mountain Hieracia of all kinds, Myrica Gale, Isoetes 
lacustris, Antennaria dioica, Juniperus communis. Of these, the last 
four were not met with at all. 

Of Watson’s Scottish or Northern type only three species occur : 
Thalictrum minus, Saxifraga hirta, Crepis paludosa, a very small pro- 
portion of the Irish species (66). But this might have been expected, 
from the southern position of the locality. 

The following are additions to District 2 of the Cybele Hiber- 


nica :— ‘ 


Thelictrum minus. Pyrus aucuparia. 
Arabis petrea. Saussurea alpina. 
Polygala depressa. Myosotis repens. 


The occurrence of Meconopsis cambrica and Hieracium anglicum 
upon this range, as giving new localities for two rare Irish plants, 
although each had one previous station in the district, is important. 


398 Proceedings of the Royal Irish Academy. 


As the districts stand at present, Carex ovalis is an addition to 
District 6, but I prefer to include it in District 2. 

There are three tolerably distinct forms of Saxifraga hypnotdes to 
be met with on the Galtee range. Following the names given in 
Syme’s English Botany, these seem to be S. hirta, var. genuina and var. 
afinis and S. eu-hypnoides, var. platypetala. All may be met with in 
various parts of this range, and to a considerable extent, irrespectively 
of altitude; but S. affinis is the form usually to be found at the greatest 
heights: S. platypetala in the wetter and mossy places by streams 
at lower levels; while S. hirta, var. genwina, the finest-cut form with 
bristle-pointed leaves, is especially characteristic of the bases of the 
loftier cliffs, as at Lough Muskry. S. hirta of the Galtees is much less 
hairy than the Donegal plant found by me on Aranmore;! but in other 
respects they are, I believe, identical. 

My experience of these Irish Saxifrages and of the innumerable 
arctic forms of S. cespitosa leads me to believe that an unbroken 
chain from the extreme forms of S. hypnoides to those of S. cespitosa 
might be enumerated which would defy division. But it is unfor- 
tunately necessary to have names for forms belonging to different 
countries. 

In conclusion, I have to acknowledge my obligations to Mr. Back- 
house, who kindly examined some Saxifrages and Hieracia; and to my 
friend Mr. A. G. More, who has, as usual, afforded me every assistance 
in his power. 


General list of the Plants observed on the Galtee mountains, ar- 
ranged in descending order. This arrangement has been adopted for 
the convenience of comparison with other mountain ranges. Special 
localities or other remarks will be found given in the introductory 
remarks. The alpine and most characteristic plants are printed in 
italics. 

Summit of Galtymore. 


3015 feet. 
Galium saxatile, Linn. Agrostis vulgaris, With. 
Calluna vulgaris, Salisb. Aira flexuosa, Linn. 
Rumex Acetosella, Linn. Festuca ovina, Linn. 
3000 feet. 
Stellaria uliginosa, Murr. Salix herbacea, Linn. (to 2200 
Saxifraga stellaris, Linn. (to 1200 feet). 
feet). Luzula sylvatica, Beck. 
Chrysosplenium oppositifolium, L. Eriophorum vaginatum, Linn. 
Vaccinium Myrtillus, Linn. Poa annua, Linn. 


Rumex Acetosa, Linn. 


1 See Journal of Botany, January, 1881. 
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2850 feet. 
Montia fontana, Linn. Asplenium viride, Huds. (to 1500 
Potentilla Tormentilla, Schenk. feet). 


Cystopteris fragilis, Bernh. (to Lastrea Filix-mas, Presl. 
1850 feet). 


2650 feet. 
Arabis petrea, Lam. (in one place only). 


2600 feet. 
Solidago Virga-aurea, Linn. Oxyria reniformis, Hook. (to 1500 
Saussurea alpina, D.C. (only sta- —_ feet). 
tion). Carex stellulata, Good. 
Empetrum nigrum, Linn. Lycopodium Selago, Linn. 
2570 feet. 


Saaxifraga hirtu et vars. (to 700 feet). 


2500 feet. 
Ranuculus Flammula, Linn. Crepis paludosa, Moench, 
Cardamine pratensis, Linn. Jasione montana, Linn. 
Cerastium triviale, Link. Campanula rotundifolia, Linn. 
Kpilobium palustre, Linn. Juncus squarrosus, Linn. 
Sedum Rhodiola, D. C. (to 1850 Carex vulgaris, Fries. 
feet). Lomaria spicant, Deov. 


Sacifraga umbrosa, Linn.(to1750 Hymenophyllum Tunbrigense 
feet. Sm. 

Angelica sylvestris, Linn. Lastrea dilatata, Presl. 

Leontodon autumnalis, Linn. 


2400 feet. 
Cherophyllum sylvestre, Linn. Euphrasia officinalis, Linn. 
Valeriana officinalis, Linn. Carex flava, Linn. 
Rhinanthus Crista-galli. Polypodium vulgare, Linn. 


Melampyrum pratense, Linn. 
(Var. montanum). 


2200 feet. 
Vaccinium Vitis-Idoa, Linn. (to C. binervis, Sm. 
2000 feet). Poa pratensis, Linn. 


Carex ovalis, Good. Asplenium Trichomanes, Linn. 
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2150 feet. 
Erica cinerea, Linn. 


2100 feet. 
Stellaria media, With. Anthoxanthum odoratum, Linn. 
Digitalis purpurea, Linn. 

2000 feet. 
Thalictrum minus, Linn. (only Oxalis Acetosella, Linn. 

station). Geum rivale, Linn. (only station). 
Cochlearia officinalis, Linn. (to Pyrus aucuparia, Geert. 

1850 feet). Hieracium anglicum (to 1900 feet). 
Viola palustris, Linn. Pedicularis sylvatica, Linn. 
Hypericum pulchrum, Linn. Luzula campestris, D.C. 

1950 feet. 
Veronica officinalis, Linn. Pteris aquilina, Linn. 
1900 feet. 
Epilobium montanum, Linn. Primula vulgaris, Huds. 
Scabiosa succisa, Linn. Carex paniculata, Linn. 


1850 feet (Lough Curra level). 


Stellaria Hnolostea, Linn. Juncus supinus, Moench. 
Alchemilla vulgaris, Linn. Agrostis vulgaris, var. pumila, 
Litorella lacustris, Linn. With. 

1800 feet. 


Ranunculus Ficaria, Linn. 


1750 feet. 
Cardamine hirsuta, Linn. 


1700 feet (Borheen Lake level). 


Ranunculus repens, Linn. Veronica serpyllifolia, Linn. 
R. acris, Linn. Ajuga reptans, Linn. 
Lychnis diurna, Sibth. Prunella vulgaris, Linn. 
Trifolium repens, Linn. Lysimachia nemorum, Linn. 
Rubus Ideus, Linn. Potamogeton natans, Linn. 
Callitriche platycarpa, Scop. Carex glauca, Scop. 


Bellis perennis, Linn. 
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1600 feet. 
Geranium Robertianum, Linn. Taraxacum officinale, Wigg. 
Orobus tuberosus, Linn. Erica Tetralix, Linn. 
Rubus discolor, W. L. N. Teucrium Scorodonia, Linn. 
Crategus Oxyacantha, Linn. Salix caprea, Linn. 
Hedera Helix, Linn. Orchis maculata, Linn. 


Lonicera Periclymenum, Linn. 


1500 feet (Muskry Lake level). 


Caltha palustris, Linn. Polygonum Hydropiper, Linn. 
Linum catharticum, Linn. Potamogeton polygonifolius, Pour. 
Comarum palustre, Linn. Triglochin palustre, Linn. 
Spirea Ulmaria, Linn. Narthecium ossifragum, Huds. 
Callitriche verna, Linn. Juncus acutifiorus, Ehrh. 

Galium uliginosum, Linn. Carex preecox, Jacq. 

Tussilago Farfara, Linn. C. ampullacea, Good. 

Senecio vulgaris, Linn. Nardus stricta, Linn. 


Myosotis repens, Don. 


1400 feet. 
Fragaria vesca, Linn. Scolopendrium vulgare, Sm. (only 
station). 
1350 feet. 
Stellaria graminea, Linn. 
1300 feet. 


Meconopsis cambrica, Linn., big. Veronica agrestis, Linn. 
(to 1200 feet). 
‘Hypericum Androsemum, Linn. 


(only station). 
1250 feet (Slieve Anard). 
Ulex europeus, Linn. Ulex Gallii, Planchon. 
1200 feet. 
Lychnis Flos-cuculi, Linn. Sanicula europea, Linn. 
Sagina procumbens, Linn. Carduus palustris, Linn. 
Lotus corniculatus, Linn. Scirpus setaceus, Linn. 


Vicia cracca, Linn. Lastrea emula, Brack. 
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1000 feet. 
Trifolium pratense, Linn. Scirpus palustris, Linn. 
Hydrocotyle vulgaris, Linn. Molinia cerulea, Meench. 
Senecio aquaticus, Huds. Equisetumsylvaticum, Linn. (only 
Pedicularis palustris, Linn. station). 

900 feet. 
Drosera rotundifolia, Linn. Veronica scutellata, Linn. (only 
Vicia sepium, Linn. station). 
Circea lutetiana, Linn. 

850 feet. 


Pinguicula lusitanica, Linn. (only station). 


800 feet. 
Viola sylvatica, Fries. Plantago lanceolata, Linn. 
Polygala vulgaris, Linn. Anagallis tenella, Linn. 
P. depressa, Wender. Juncus effusus, Linn. 
Lotus major, Scop. Juncus bufonius, Linn. 
Sarothamnus scoparius, Koch. Aira cespitosa, Linn. 
Helosciadium nodiflorum, Koch. A. caryophyllea, Linn. 
Senecio jacobeea, Linn. Holcus lanatus, Linn. 


Hypocheris radicata, Linn. 


700 to 600 feet. 


Ranunculus hederaceus, Linn. Rumex nemorosus, Schrad. 
Hypericum humifusum, Linn. P. aviculare, Linn. 
Prunus spinosa, Linn. And many weeds of cultivation. 


Gnaphalium uliginosum, Linn. 


” 
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LXI1.—On Hatos ano Antuetra. By Putri Burton. 
[Read, November 30, 1880.] 


Tue formation of those luminous circles termed halos, and of the other 
appearances which sometimes accompany them, is now universally at- 
tributed to the action of icy particles suspended in the air—an opinion 
which seems to have been first entertained by Descartes, and was 
afterwards established by Mariotte and Dr. Young. Of all these ap- 
pearances, the halo of 22° distance from the sun is the only one which 
occurs frequently in these countries; it may be said, indeed, to be a 
very common phenomenon usually preceding changes of weather. Its 
formation is exemplified by bringing filaments of hoar-frost very near 
the eye in sunlight, when colours corresponding to those of the halo 
will appear at the same elongation. A similar circle is seen less 
frequently at the distance of 46° from the sun, and, according to 
Cavendish, is produced by the ends of the crystals when they are re- 
gularly formed. Parhelia, or ‘‘mock suns,” occasionally occur about 
the places where these halos are intersected by horizontal and vertical 
circles passing through the sun; these are, also, explicable on prin- 
ciples suggested by Mariotte. But other halos have been described 
which are not so easily accounted for. Thus, on the 1st of December, 
1819, Captain Parry observed one which surrounded the moon at a 
distance of about 38°, and was accompanied by paraselene, and it does 
not appear evident why such phenomena should occur at this parti- 
cular elongation. 

On the 6th of March, 1869, I observed a circular halo smaller than 
any of the preceding, its semi-diameter, as I considered, not being 
greater than 10° or 12°. Its colours were in the usual order, the red 
being next the sun, and it was visible for more than two hours. It 
could not have been a corona, as such a phenomenon can seldom be 
seen unless when reflected from water, being generally too faint to be 
otherwise perceived, whereas in the present instance the halo was very 
bright. The part of the sky where it occurred was free from clouds, 
though presenting a sort of hazy appearance ; and the estimate which 
I made of the diameter of the circle showed it to be about half that of 
the common halo. As calculation shows that prisms of ice whose bases 
are regular pentagons would produce a halo similar to the ordinary 
one, and at the distance of 11° 46’ from the sun (which very well 
agrees with the estimated position), it appears very probable that this 
circle must haye been formed by such crystals. And that water may 
sometimes be frozen in particles of that shape, I have no doubt, having 
on one occasion seen a shower of hail which consisted entirely of pen- 
tagonal prisms. These were perfectly formed, of a whitish colour, and 
nearly opaque, and were remarkable for their shortness in comparison 
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with the diagonals of the bases, thus presenting the appearance of pen- 
tagonal plates. 

Some varieties of cirrus clouds, though doubtless composed of frozen 
particles, do not exhibit halos. These are of a whitish colour, and 
are probably more or less opaque; sometimes, also, they may consist 
of particles having a globular form (like small snow or hail), which 
would explain the absence of coloured rings. During a balloon ascent 
from Paris in 1874, MM. Albert and Gaston Tissandier passed through 
a zone ot ice crystals which extended through a depth of 200 metres, 
and presented the appearance of a ‘“‘ galaxy of little hexagonal stars ;”’ 
yet as no coloured circles are mentioned as having been seen, it is to 
be presumed that they were not visible. In this instance, therefore, 
the crystals must have been either partly opaque or irregularly formed. 

Bright specks of halo appearing at a greater distance from the sun 
than the parhelia above mentioned are called anthelia. These are of 
rare occurrence, and though I looked for them on several occasions 
which I thought favourable to their appearance, I have not discerned 
them in any instance. Three positions are usually assigned to them, 
the first being about 90° from the sun. In reference to this appear- 
ance Dr. Young says: *‘ The lateral anthelia may be produced by the 
rays refracted after two intermediate reflections, which will have a 
constant deviation 60° greater than those which form the halo. These 
anthelia ought, therefore, to be about 82° from the sun. They are, 
however, usually represented as much more distant.” The explana- 
tion here given is doubtless correct; but there seems to be a mistake 
in assigning 82° as the distance from the sun, that quantity being not 
the greatest deviation, but its supplement. If z and = be the angles 
made by the incident and emergent rays with perpendiculars to the 
respective surfaces, and J = the refracting angle of the prism (not re- 
garding the signs of the angles, and supposing also that in the progress 
of a ray each change of direction is made from one surface of the prism 
to the next in succession which is inclined to it at an angle equal to Z), 
then the deviation after two refractions and two reflections will be 
32—(¢%+28). For hexagonal prisms this becomes 180° - (x +3), the 
maximum value of which (corresponding to index 1°31) is 98° 10’. The 
part of the light which is differently reflected does not form an anthelion 
at any deviation whatever. Hevelius and others have given 90° as the 
distance of the anthelia observed by them; but these instances are not 
conclusive, as the elongations seem to have been merely estimated, and 
not obtained by measurenrent. 

The other positions of the phenomena are mentioned in the follow- 
ing statement :—‘‘ The anthelia seem to be referrible to two refractions 
and an intermediate reflection within the same crystal, causing a de- 
viation of about 120 + 22 = 142°; and sometimes with two intermediate 
reflections producing an angle of 60 + 22 = 82° only. It is not very 
easy, however, to assign a reason for the appearance of an anthelion 
exactly opposite to the sun, which is said to have been sometimes seen 
in the horizontal circle.” —(Lncyclopedia Britannica, vol. vi., p. 645.) 
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Here it is evident that the deviation, 142°, has been calculated for 
rays whose paths within the crystals make equal angles with the sur- 
faces, but no reason has been adduced to show that these could form 
an anthelion or halo. When light is once reflected in any regular 
prism (in the manner before mentioned), the deviation is 180° —- 22+ 
(« +s), which, since in this case z is always equal to z, reduces to 
180° — 27+ 22. Now, as this quantity must vary twice as fast as z, 
it cannot tend to become constant for any successive values thereof ; 
from which it follows that there cannot be at any point such a spis- 
situde of the homogeneous rays as is always requisite to form halos. 
Thus it appears that no halo or anthelion can be caused by light 
which has been only once reflected. 

An anthelion not differing much from the assigned position would 
be produced by two refractions and two reflections in quadrilateral 
prisms having right angles. The deviation in this case is 270° —(x+3), 
which, when a maximum, gives 134° 16’, the elongation of the an- 
thelion formed by such crystals; hence it appears probable that the 
phenomena seen near this position were produced by rectangular 
prisms, or by the ends of the usual hexagonal ones. 

If the colours of these phenomena were observed, their order with 
respect to the sun would sufficiently indicate whether they were 
formed by rays directly transmitted, or after two reflections. In the 
former case it is evident that the deviation must be a minimum, and 
in the latter a maximum, and the colours of the reflected anthelion 
will be the reverse of those usually seen in halos; but I have not 
found them described in any instance. 

The third anthelion which appears opposite to the sun has not 
been explained ; but it seems possible that a phenomenon of this kind 
may sometimes be produced by part of the light which has been twice 
reflected in rectangular prisms. If at each change of direction a ray 
passes from one surface of such a prism to the next, or again, if the 


reflections be made at the two opposite surfaces which are adjacent to 

that at which the light was first incident, the deviation will be 

32 — (+2) as before. But it is easily seen that a portion of the light 

may be so transmitted that after the second reflection it will again fall 
2M 2 
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upon the surface at which it entered the crystal, the rays then emerg- 
ing in parallel lines. In this case it is evident that the deviation is 
constant, and’equal to 180°; hence, whatever be the angle of incidence, 
the light will return in the same direction, and thus an indefinite 
number of crystals will contribute to the formation of an anthelion 
opposite to the sun. This may happen whether the principal section 
of the prisms be square or oblong, and it may also take place in hexa- 
gonal prisms, since a section of any of these made by a plane perpendi- 
cular to two opposite surfaces and to the bases will have the form of 
an oblong. But as the position of the anthelion thus formed would be 
at or near the antisolar point, it could only occur at a low altitude ; 
hence it would not explain the appearances which have been seen at 
considerable heights. Mr. Barker has described one seen near Lake 
Superior, which had an altitude greater than 45°, or above twice that 
of the sun (Philosophical Transactions for 1787, p.44). The horizontal 
circle which was in that instance so high is usually represented as 
passing through the sun. 
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LXIII. Asynormaritres in Human Myotocy. By J.F. Kort, F.R.C.S.I. 
[Read, April 11, 1881.] 


Tue following is an imperfect list of the muscular anomalies which 
have come under my notice during the four winters which I have 
occupied the office of Demonstrator of Anatomy in the School of the 
Royal College of Surgeons. During that time I have paid particular 
attention to some of those which struck me in the commencement as 
being specially important or interesting, and which attracted my atten- 
tion sufficiently to induce me to tabulate the frequency of their occur- 
rence. As I had not the advantage of any co-operation in the research, 
a very large proportion of the anomalies which might easily have been 
preserved were necessarily lost, from the fact that it was impossible for 
me to distribute my attention over the dissection of so large a number 
of subjects as were always passing through the room. My statistics 
are, accordingly, in many instances, very imperfect, although by no 
means so, I hope, in all; but, although not so valuable as could be 
desired as an index of frequency, I venture to hope that the publi- 
cation of the present collection will be found interesting to those 
who have devoted any attention to this special department of Ana- 
tomy. The importance attached to these variations must daily 
increase in connexion with the absorbing interest of the study of 
muscular morphology, and of the homologous elements thereof in 
the various grades of the animal kingdom. Viewed irom this stand- 
point, an otherwise somewhat dry catalogue of variations in Human 
Myology will be looked upon with favour by those who hail with 
welcome the addition of every small contribution to the hourly 
increasing treasury of our knowledge in this, one of the most 
interesting departments of human study. 

Occipito-frontalis—The early removal of the brain prevented me 
from examining this muscle completely, in a large proportion of the 
subjects of our dissecting-room. The frontal portion I have seldom 
found to agree completely with the description given in our standard 
text-books. I have noted its peculiarities in twenty-eight cases, in 
which I examined it with special care. In only five of these did the 
fleshy fibres reach so high as the coronal suture. Below I have 
always found its fibres attached to the internal angular process of 
the os frontis, some being continued into the pyramidalis nasi, and 
leyator labii superioris alaeque nasi, but the great bulk of the fibres 
blended with the orbicularis palpebrarum and corrugator supercilii, 
and a large proportion adhered to the deep surface of the skin of 
the eyebrow. I could never satisfy myself of an attachment of any 
of its fibres to the nasal bone, glabella, superciliary ridge, or supra- 
orbital arch, as has been described by different observers. In every 
case I examined, the deep surface of the muscle appeared to glide 
freely over those bony prominences, and to be connected thereto 
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merely by loose areolar tissue. In one case a slip was found con- 
nected to the upper margin of the tendo oculi. In three examples 
there was a well-marked decussation of the lower fibres of the frontal 
portions of opposite sides. In many instances the muscle was found 
in an extremely atrophic condition, and in a large proportion its fibres 
were found split up into fasciculi, but in no case was it completely 
absent, as in the example noted by Professor Macalister. 

Of the occipitalis muscle I have seen union of those of opposite 
sides in two instances, and decussation of the lower fibres in one ease. 

Transversus nuchae (F. E. Schultze).— Was present on both sides in 
five of the twenty-eight bodies, and on one side only in two others. The 
muscle is said to be always symmetrical, but in the latter instances 
I could find no muscular fibres on the opposite side, but a small 
transverse tendinous band took its place. The attachments were 
the same in all: from the external occipital protuberance, on the 
inside, to the posterior border of the sterno-cleido-mastoid muscle at 
its insertion; while a few fibres were attached separately to the 
superior curved line of occipital bone above the others. 

Of the muscles of the ear, intrinsic or extrinsic, although fre- 
quently examined, I have not noted the variations with any regularity. 

Retrahens aurem.—This muscle I have seen usually formed of two 
very distinct slips, and somewhat less frequently of three fasciculi, a 
condition which was looked upon by Albinus as the normal arrange- 
ment (tres retrahentes auriculam). The lowest of the three bundles 1 
have found arising in two instances from the cervical fascia over the 
upper part of the sterno-cleido-mastoid muscle. In a few cases one of 
the bundles was found replaced by a tendinous band. 

Attollens and <Attrahens aurem I have frequently found meeting 
at their adjacent edges so as to form one continuous plane of muscular 
fibres, as described by Cruveilhier (muscle auriculaire superieur ou 
auriculo-temporal). The origin of attrahens aurem from the zygoma, 
described as normal by Wharton, Jones, and Harrison, I have met 
with in eight cases. Cruveilhier describes this as a distinct muscle 
under the name of muscle auriculaire anterieur profond, whose posterior 
attachment is into the external surface of the tragus. 

The intrinsic muscles of the auricle have so often eluded my at- 
tempts to define them, that I do not think I succeeded in any one case 
in demonstrating the presence of all of them in the same subject. 

Depressor auriculae (Lauth); stylo-auricularis (Hyrtl).—Of this 
muscle I found one example. In three other cases I was able to 
define a well-marked fibrous cord, having the direction and attach- 
ments presented by the muscular fibres when present. In my case the 
origin was in common with that of the stylo-glossus muscle, and the 
insertion into the cartilaginous part of the external auditory meatus. 

The muscles of the tympanum and the internal muscles of the orbit 
I have not examined with a special view to variations in attachment. 
An accessory slip to the obliquus oculi superior (comes obligui superio- 
ris; obliquus accessorius; gracillimus oculi; gracillimus orbitae) I have 
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twice seen. In one case the origin of the anomalous bundle of muscular 
fibres was in common with the levator palpebrae superioris, and the 
insertion into the fibrous pulley for tendon of superior oblique (rectus 
quintus of Molinetti; tensor trochleae of Budge). 

Depressor supercilii (Lesshaft); depressor palpebrarum (Arlt) ; 
lachrymalis anterior (Henke).—Of this muscle the fibres were found 
moderately well developed in two cases out of seven in which it was 
looked for. In the others it was almost completely absent: a few 
fibres were found with difficulty in two of them. 

Depressor palpebrae inferioris (Caldani).—This muscle, which 
seems to be a continuation of some of the fibres of the platysma 
myoides, I have been able to define clearly in five out of eighteen 
cases in which it was searched for, the upper extremity being 
attached to the lower fibres of the orbicularis palpebrarum. 

Orbicularis palpebrarum.—A slip from this muscle to the levator 
palpebrae superioris is described by Henle and noticed by Professor 
Macalister. I consider it to be a not uncommon arrangement, as I 
have found it developed in a considerable number of instances, 
although I did not take any note of the proportion. The origin of 
the zygomaticus minor from the lower fibres of the orbicularis I have 
twice observed. 

Levator labit superioris—The only deviation from the usually ac- 
cepted description of this muscle which I have met with is the trici- 
pital arrangement described by Eustachius, the outer coming from the 
malar bone (caput zygomaticum, jochbeinzacke of Henle). This bundle 
of fibres was well developed in about one-third the cases examined. 

Depressor septi mobilis nariwm (Meyer, Krause), depressor apicis 
naris, nasalis labi supercoris, nasolabialis—looked upon by many as 
merely a septal attachment of the orbicularis oris, has been more cor- 
rectly described by Meyer as a separate muscle of triangular form. 
The base is below, blending with the upper fibres of the orbicularis oris, 
and apex above, attached to the lower border of the septal cartilage. 

Risorius (Santorini).—The typical arrangement of the fibres of 
this muscle—from parotidean fascia to angle of mouth, blending with 
orbicularis oris—is met with in a large proportion of cases. The fibres 
in their inward course pass superficial to those of the platysma myoides, 
and form with the latter an acute angle. The risorius of most of our 
text-books of the present day is derived from the platysma itself, but 
the description is I think rather a loose one, and not borne out by the 
results of careful repeated examination. Rarer origins have been de- 
scribed—from the zygoma (M‘Whinnie); external ear (Albinus): fascia 
over upper third of sterno-cleido-mastoid (Hallett); an accessory head 
from transversus nuchae (F. E. Schultze)—of each of these I have met 
with examples. 

Transversus menti (Santorini); faisceau sous-symphysien (Cruveil- 
hier).—This band of muscular fibres prolonged from the antero-inter- 
nal part of the triangularis menti, meets a similar one from the opposite 
side in the mesial line. On its presence the existence of a ‘‘double-chin” 
depends. Ihave found it in three cases out of eleven in which it was 
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searched for. From its peculiar action on the contour of the submen- 
tal region, it has been called by German authors the doppelkinnmuskel. 

Masseter.—The only anomaly I noticed in connexion with this 
muscle was a coalescence of its deeper fibres with the lower fibres of 
the temporal. This condition has been also observed by Professor 
Macalister, and I have met with it three times. The bursa massete- 
ried described by Monro between the two parts of this muscle I have 
failed to find, although I have carefully examined the muscle for this 
special purpose in thirty subjects. Of the bursa described by Hyrtl 
between the deep part of the muscle and the capsule of the temporo- 
maxillary articulation I have met several examples. 

Buccinator.—A few fibres of this muscle I have seen to arise from 
Steno’s duct in three instances. 

Pterygoideus proprius (Henle, Gruber, Theile, Macalister).—Of 
this muscle I have met with three examples in one hundred and twelve 
bodies, passing as usual from the crest on the great wing of sphenoid 
to posterior edge of external pterygoid plate. 

Sterno-cleido-mastoideus.—Of this muscle I have met with many 

anomalies, in some cases completely divided into sterno-mastoid and 
cleido-mastoid: of this I have met with eleven examples. The cleido- 
mastoid I have found in three cases divided into two completely sepa- 
rate superimposed laminae, distinct to the mastoid attachment. In five 
cases I have seen the upper sternal fibres of the pectoralis major taking 
an accessory tendinous origin from the outer edge of the sternal head 
of this muscle. 
_ Levator claviculae (Wood).—Of this muscle I have seen one very 
well developed specimen attached at its upper end to anterior tuber- 
cles of transverse processes of second, third, and fourth cervical 
vertebrae, and below to the middle third of upper border of clavicle 
outside the cleido-mastoid. 

Coraco-cervicalis (Krause, Hallett).—Of this muscle, which is no 
other than the posterior belly of omo-hyoid terminating in the cervical 
fascia—when the anterior belly is absent—I have met with two exam- 
ples. I have in another case traced a small aponeurotic slip from the 
upper edge of the tendon formed by posterior belly of omo-hyoid, along 
the normal course of anterior belly to the body of the hyoid bone. 

Omo-hyoid.—Of the origin of the posterior belly of this muscle 
from the coracoid process I have met with seven examples (coraco- 
hyotd of Gruber). In one case the origin of this belly was from the 
acromion process. (Origin from first rib as described by Wagner and 
Gruber I have never seen.) Of the purely clavicular origin I have 
met with two specimens; in each case the muscle was monogastric, and 
presented at the level of the normal tendon merely a few longitudinal 
tendinous fibres on its deep surface (clevdo-hyord of Schmidtmiller). 
In addition to the variations above described under the head of the 
musculus coraco-cervicalis I have found in two other cases the anterior 
belly represented by ¢wo distinct tendinous slips passing from the nor- 
mal tendon up to body of hyoid bone. 

Crico-corniculatus (Tourtual): kerato-cricoid (Merkel): erico-thy- 
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yeoideus posticus (Bochdalek).—Of this muscle I have found seven 
cases of unilateral development, and two others in which its fibres 
were symmetrical. 

Crico-epiglotticus.—Under this name has been described a bundle of 
muscular fibres often found (thirty-four per cent., Krause) arising from 
the inner surface of cricoid cartilage, and passing upwards beneath the 
mucous membrane to the margin of the epiglottis. I have been able 
to define it three times in nineteen subjects. It was bilateral in each 
ease. Sometimes a similar bundle terminates in the arytaeno-epiglotti- 
dean fold of mucous membrane forming a crico-membranosus. 

Crico-trachealis.—Of this anomalous muscle I have met with one 
specimen on the left side of the body of a female subject. It came 
from lower border of cricoid cartilage, approaching close to the median 
line in front, and having a breadth of about half an inch above; it 
gradually narrowed as it passed down to its insertion into the fourth 
and fifth rings of the trachea behind the isthmus of the thyroid body. 

Thyreo-trachealis (Gruber); thyreo-trachealis profundus (Krause).— 
From lower border of thyroid cartilage to upper part of trachea. This 
band of muscular fibres I found three times in twenty-eight subjects in 
which its existence was specially searched for. The muscle was sym- 
metrical in one case; in the others single; in both on left side. The 
inferior attachment varied in all. In one case the insertion was into 
the third ring of the trachea; in another into thirdand fourth. In the 
case in which the muscle existed on both sides the insertion was into 
the fourth and fifth rings on one side (the left); on the other into 
the fifth ring alone. 

Thyreo-syndesmicus (S6mmerring).—From superior corner of thyroid 
cartilage to posterior border of thyro-hyoid ligament. In one subject 
I found this small anomalous band of muscular fibres present on both 
sides. I have met with no other example. 

Thyreoideus transversus anomalus (Gruber) (s. émpar); thyreovdeus 
marginalis inferior ; incisurae (cartilaginis thyroideae) mediae transver- 
sus.—This band of muscular fibres crosses from one side of lower border 
of ala of thyroid cartilage to the other, lying in front of the upper part 
of the crico-thyroid membrane. I have met with two examples. 

* Thyreo-corniculatus.—¥ibres arising in common with the upper fibres 
of thyreo-arytaenoideus, and passing obliquely upwards and backwards 
to the cartilage of Santorini. A bundle of fibres answering to this de- 
seription I have met with in two cases out of nineteen in which they 
were sought for with special care. A similar bundle of fibres going 
to the cartilage of Wrisberg has been described under the name of— 

Thyreo-cuneiformis.—This I have not seen. 

Thyreo-epiglotticus inferior (s. maor) and superior (s. minor).—Two 
very thin laminae of muscular fibres arising from inner surface of 
thyroid cartilage, and ascending to the adjacent margin of the epi- 
glottis, some blending with upper fibres of arytaeno-epiglottideus. 
Inferior frequently takes some fibres of origin from upper border of 
thyro-arytenoideus. I have found one or both of these strata in about 
oné+half of the cases in which they were carefully sought for before 
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decomposition had advanced too far, but always in an extremely 
atrophic state. Those fibres, which go directly to the margin of the 
epiglottis itself, have also been described under the name of musculus 
epiglottidis (reflector s. depressor epiglottidis.) 

Thyreo-eprglotticus longus (C. Krause).—This band of muscular fibres 
I have found in two cases out of twenty-seven in which it was care- 
fully sought for. Arising from inner surface of ala of thyroid cartilage, 
immediately above the incisura thyreoidea inferior lateralis, it passes 
upwards on the outer side of the thyreo-arytaenoideus, to be inserted 
with the fibres of the thyreo-ary-epiglotticus into the corresponding 
lateral margin of epiglottis. 

Thyreoideus internus ; sub-thyreotdeus (Krause).—According to this 
author, a muscular bundle may be found in from 15 to 20 per cent. 
of all cases examined, passing from lower margin of ala of thyroid 
cartilage, near the middle line, backwards to the posterior attachment 
immediately above the root of the inferior cornu. I have found it 
twice in forty-three bodies. 

Thyreoideus proprius (Krause).—The name has been applied by 
this author to a delicate layer of muscular fibres lying on the inner 
surface of the thyroid cartilage, and reaching from the incisura superior 
nearly to the inferior margin. In their descent they interlace with 
the other internal muscles. I have in a few cases found a small num- 
ber of scattered vertical fibres in this situation, but never so arranged 
as to form a distinct layer. 

Syndesmo-thyreoideus.—This name has been applied to a small 
muscle found in very rare instances (one per cent. according to Krause) 
passing from upper part of inner surface of thyroid cartilage to pos- 
terior thyro-hyoid ligament. I have met with it twice: in one 
subject it was symmetrically developed on both sides. 

Kerato-arytaenoideus (schildknorpelhorn-giessbeckenknorpels-muskel of 
J. Gruber).—Arises from posterior border of inferior cornu of thyroid 
cartilage, and is inserted into the muscular process of the arytaenoid. 
I have found four examples. 

Other anomalous laryngeal muscles have been described by many 
writers—such as the hyo-epiglotticus (Fabricius); erico-epiglotticus 
(Verheyen); glosso-epiglotticus (Kustachius); but I have never met 
with a specimen of any of them. 

Digastric.—The only noteworthy anomaly of this muscle I have 
met with is a doubling of the anterior belly, the anomalous slip gomg 
to the median raphe of the mylo-hyoid muscles. Once I have found 
it symmetrical, the two supernumerary slips meeting in the mesial 
line, and in three other cases the anomaly existed on one side only. 

Mento-hyoid (Macalister).—Of this muscle I have met with four 
examples. In all it lay superficial to the anterior belly of digastric, as 
it passed from front of body of hyoid bone to lower border of inferior 
maxilla. In one instance it was symmetrically developed. 
~  Mylo-hyoideus.—The only remarkable variation I have seen in the 
attachments or relations of this muscle was a perforation of the pos- 
terior part by Wharton’s duct, which came under my observation twice. 
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Genio-hyoideus.—I have in a good many cases found this muscle 
inseparably blended with the lower fibres of the genio-hyo-glossus. 

Mylo-glossus (Rolfincius).—Of this muscle I have met with one 
example, passing in its usual direction from angle of jaw to side of 
base of tongue. 

Stylo-glossus.—In five instances I have found this muscle with an 
accessory head from the stylo-maxillary ligament. Twice I have 
found it completely absent on one side. 

Stylo-hyovdeus.—In several instances [ have seen the two parts into 
which this muscle was split by the tendon of the digastric separate from 
the origin to the insertion. I have seen the muscle inserted into the 
tendon of the digastric in one case. One instance of complete absence 
was noted. 

Triticeo-glossus (Bochdalek, Macalister).—This anomalous bundle of 
muscular fibres I have succeeded in defining but five times in forty- 
four cases in which it was carefully sought for. This is much below 
the average of frequency which occurred in the experience of Bochdalek 
(8 in 22), and Macalister (1 in 6). Professor Krause makes the pro- 
portion of cases in which it occurs to vary from 17 to 86 per cent. 

Azygos linguae; musculus longitudinalis linguae inferior medius 
(Bochdalek).—A small median bundle of longitudinal fibres found 
between the genio-hyo-glossi muscles in the posterior fourth of the 
tongue. I have been able to define it in five bodies out of forty- 
seven in which it was sought for. 

Genio-glossus accessorius (Luschka).—A bundle of the lower fibres 
of the genio-hyo-glossus—from lowest part of genial tubercle to hyoid 
bone. I have succeeded in defining such a bundle as Luschka describes, 
separated from the other fibres of the genio-hyo-glossus about once in 
seven subjects. 

Cephalo-pharyngeus (Sandifort).—Of this anomalous band of muscu- 
lar fibres I have seen a good: many examples:—Three arising from 
vaginal process of temporal bone; two from petrous portion of tem- 
poral bone (petro-pharyngeus) inside the inferior opening of the carotid 
canal; two from the spinous process of the sphenoid; one from the 
cartilaginous portion of Eustachian tube (salpingo-pharyngeus). In 
" the majority of instances the fibres became united to those of the 
superior constrictor of the pharynx. In two examples they could be 
traced directly to the inferior constrictor. 

Genio-pharyngeus (Winslow).—A slip closely connected along the 
anterior part of its course with the genio-hyo-glossus, and passing 
backwards to the side of the pharynx with the fibres of the superior 
constrictor. I have found several examples. 

Syndesmo-pharyngeus—This name has been given to a small fasci- 
culus of muscular fibres passing from the posterior border of the 
thyro-hyoid ligament backwards to the median line (linea alba) of the 
pharynx. It bridges over the space intervening between the origins 
of the middle and inferior constrictors. I have fonnd it twice in 
forty-seven subjects in. which it was specially sought for. 

Levator glandulae thyroideae lateralis.—Under this name Krause 
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mentions a few fibres of the inferior constrictor of the pharynx which 
take origin from the side of the thyroid body. He says it is present 
in about one per cent. of subjects examined. I have not been so 
fortunate as to meet with a specimen. 

Azygos pharyngis (Meckel); solitarius pharyngis (Santormi).— 
Under this name Meckel describes a small muscle, usually mesial and 
single, rarely bilateral and symmetrical (Ketel, 1870), passing from the 
pharyngeal spine on the basilar process of the occipital bone downwards 
for a variable distance along the median raphe of the pharynx, into 
which it is inserted. It is seldom more than half an inch in length. 
I have found it four times in eighty-seven subjects: once bilateral. 

Pharyngo-mastoideus (Ketel).—Arises from the anterior and inner 
aspect of the mastoid process, and passes inwards between superior 
and middle constrictors of pharynx to its insertion into the lateral 
wall of the tube, blending with the fibres of these muscles. I have 
met with three examples. 

Salpingo-pharyngeus (Sandifort).—A muscular fasciculus passing 
from Eustachian tube to side of pharynx behind the palato-pharyngeus. 
I have met with one example. 

Scalenus anticus—I1 have occasionally seen this muscle taking a 
vertebral origin more or less than that usually described. The only 
other remarkable peculiarity I have ever observed is, that in two 
instances I found the phrenic nerve piercing its fibres. 

Scalenus medius.—The superior attachment of this muscle, as Krause 
has correctly pointed out, is from the anterior, zot the posterior tubercles 
of transverse processes of the cervical vertebrae, as other anatomists 
describe it. The usual number is six—all excepting the atlas—but I 
have found the number to vary from three, the smallest, to all, seven. 
In one case I found it attached below to the second rib only. Ina 
very large proportion of subjects I found its vertebral attachment quite 
inseparable from the scalenus posticus. 

Scalenus posticus.—In only two instances did I observe any notable 
anomaly of this muscle. One was complete absence. The other was 
attachment of lower end to third rib. 

Scalenus minimus (Albinus).—The usual origin of this muscle is 
from the anterior tubercles of transverse processes of fifth, sixth, and 
seventh cervical vertebrae, behind the attachment of anterior scalenus, 
to which it is often inseparably adherent. Its inferior extremity is 
connected to the second rib. Macalister makes the relative frequency 
of its presence three times in seven subjects, and ‘‘ oftener present 
inseparably united to the other scalenes.” Krause gives a proportion 
of forty-two per cent. I have not been able to find it in so large a pro- 
portion of cases: it was well defined five times in twenty-three 
bodies. 

Scalenus lateralis (Albinus); musculus costo-transversalis.—This muscle 
arises from the transverse process of the seventh cervical vertebra, and 
passes downwards between the middle and posterior scaleni and a 
little outside the latter (of which it would seem to be a detached 
portion) to its inferior attachment to second rib. I have found it 
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four times: it was present in two of the twenty-three subjects in 
which the scalenes were specially dissected. 

Scalenus accessorius.—Arises from the posterior tubercles of trans- 
verse processes of the cervical vertebrae from the fourth to the sixth 
(Macalister), from fourth to seventh (Krause), and is inserted into the 
first rib close to the scalenus medius, of which it seems to be a differen- 
tiated portion. It is separated from the latter muscle by part of the 
brachial plexus. 

Transversalis cervicis anticus longus colli accessorius (Luschka) ; 
scalenus anticus proprius colli (Krause).—This rare muscle arises from 
the anterior tubercles of the transverse processes of the cervical 
vertebrae, from the seventh to the fourth, and passing upwards is 
attached to the anterior surface of body of axis immediately below the 
superior articulating surface, and to the front of the base of the trans- 
verse process of the atlas. It is placed posterior to the rectus capitis 
anticus major. IJ have met but one example of this muscle. 

Transversalis cervicis anticus (Retzius).—Arises from the oblique 
processes of the cervical vertebrae, from the sixth to the fourth; being 
intimately connected to the longus colli, and passimg upwards is 
inserted into the upper three cervical vertebrae. Of this rare muscle 
T have met with two specimens. One had the attachments described 
by Retzius; the second was attached by its upper extremity to the 
axis alone, just below and outside the superior articular surface. 

Transversalis cervicis medius (Krause).—Of this extremely rare 
muscle I have never met with an example. Krause has found it 
attached to the front of the transverse processes of the cervical verte- 
brae, from the second to the sixth or seventh. 

Transversalis cervicis posticus minor; trachelomastoideus minor ; tra- 
chelomastoideus accessorius.—Arises from transverse processes of verte- 
brae, from the second dorsal to the fifth cervical, and ascending to its 
insertion is attached above to the transverse process of the atlas, and 
mastoid process of the temporal bone. I have noted one specimen. 

Rhomboideus occipitalis (Murie, Mivart); occipito-scapularis 
(Wood).—Arises from the internal third of the linea semicircularis 
media ossis occipitis, above the attachment of the complexus, and is 
-inserted into the scapula, above the rhomboideus minor. I have met 
with three specimens of this muscle. 

Levator claviculae (Wood) ; cleido-cervicalis superior; trachelo-clavi- 
cularis superior.—The clavicular attachment of this muscle is either to 
the middle third of the bone, or to its acromial extremity. The upper 
is more variable in its points of fixation. It has been found attached 
to the transverse process of the atlas (cleido-atlanticus); to that of the 
axis (cleido-epistrophicus) ; to the oblique processes of the fourth and 
fifth cervical vertebrae (cleido-cervicalis inferior; scalenus anticus acces- 
sorius); to the transverse process of the sixth alone (cle:do-cervicalis 
amus). It has also been found attached to the transverse process of 
the third cervical vertebrae. The lower has, in some instances, been 
seen to blend with the trapezius. I have met with two specimens of 
the cleido-ceryicalis imus, and one of the cleido-epistrophicus. Another 
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specimen I haye found attached above to the oblique processes of the 
third, fourth, and fifth cervical vertebrae, and inserted below into the 
middle third of upper border of clavicle. 

Rhombo-atloideus (Macalister, 1866) ; splenius accessorius (Krause) ; 
adjutor splenii v. m. singularis splenius accessorius (Walther).—This 
muscle passes from the spinous processes of the last cervical or first 
dorsal vertebra—where it arises beneath the rhomboideus minor— 
to the transverse process of the atlas. It has been found attached to 
the sixth and seventh cervical spines, or to the seventh alone, or to 
the first and second dorsal spines, or to the second and third. J have 
found three examples in which the muscle arose from the last cervical 
and first dorsal spies, and one in which it arose from the three upper 
dorsal. In two cases the origin was from the two upper dorsal vertebrae. 
Mr. Wood found it three times in thirty-six subjects, and Krause gives” 
eight as its percentage of frequency. I have found it six times in 
seventy-five subjects. 

Atlanto-mastoideus.—Arises from transverse process of atlas, and is 
inserted into the posterior border of the mastoid process of the tempo- 
ral bone. Krause makes its relative frequency to be thirty per cent. 
of subjects examined ; this is much greater than what has occurred in 
my experience, as | have found it but four times in thirty-three sub- 
jects which were carefully examined for it. 

Rectus capitis anticus mayor, . . . minor.—Doubling of these 
muscles I have pretty often observed, but have kept no account of the 
relative frequency. 

Rectus capitis lateralis accessorius (Winslow).—This muscle, a 
doubling of the normal rectus capitis lateralis, I have found three 
times in thirty-three subjects in which it was specially sought for. 

Pectoralis mayor.—The three parts of this muscle I have found 
completely distinct in four instances. The clavicular, sternal, and 
costal portions could easily be differentiated even down to their very 
insertion into the humerus. In two cases I have seen an accessory 
slip to the short head of the biceps taking origin from the lower border 
of the tendon. In one case the tendon divided into two parts, between 
which passed the long tendon of the biceps, one lamina going to either 
lip of the bicipital groove. 

Pectoralis major accessorius.—Arises from the costal cartilages, 
from the first or second to the sixth or seventh, and passes outwards 
beneath the deep fibres of the pectoralis major to join the tendon of 
insertion. It is but a complete differentiation of the costal portion of 
the pectoralis major. 

Chondro-eprtrochlearis.—Of this muscle I have met with four speci- 
mens. The attachments were the same in all cases. The origin was 
from the sixth costal cartilage, and the fibres were placed in close 
apposition with the lower fibres of the pectoralis major. The inser- 
tion was into the brachial aponeurosis at the lower fourth of the arm 
on its inner aspect—one sending a slight tendinous slip down to the 
epitrochlea. So that the muscle in all these cases better deserved the 
name of chondro-fascialis. 
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Pectoralis minor.—In five cases I have seen the tendon of this 
muscle send a strong slip over the coracoid process to pierce the 
coraco-acromial ligament, and blend with the capsule of the shoul- 
der-joint. In one instance the whole tendon wound over the coracoid 
process, and divided into two strong bands; one went to the margin of 
the glenoid cavity, the second to the greater tuberosity of the 
humerus. 

Pectoralis minimus (Gruber).—Arises from anterior surface of ma- 
nubrium sterni, rhomboid ligament, and cartilage of first rib, and 
passes outwards in front of the costo-coracoid membrane to be inserted 
into the inner border of the coracoid process of the scapula. It some- 
times arises from the cartilage of the first rib alone, and such was the 
origin of the muscle in the two examples which I have met with. 

Pectoralis quartus.—Arises from the fascia over the lower part of 
the serratus magnus, and occasionally from the adjacent portions of 
one or more ribs, and is inserted into the lower border of the tendon 
of the great pectoral, or into the oschelbogue of Lauger. 

Subclavius.—This muscle I have found completely absent in two 
instances. In both the deficiency was on the left side. 

Supra clavicularis proprius, v. tensor fasciae colli (Gruber); anomalus 
elaviculae.—Of this muscle I have met with two examples, one of which 
has been already recorded (vide Journal of Anatomy and Physiology, 
xv. 139). 

The second specimen (observed during the last winter session) had 
similar attachments, but was much smaller. 

Acromio-clavicularis, v. praeclavicularis lateralis (Gruber).—Consists 
of a few muscular fibres passing from the outer third of the clavicle to 
the tip of the acromion. I have, on one occasion, seen a small band 
of fibres in situation so very delicate as hardly to deserve the dignity of 
a special name. It lies superficial to the upper fibres of the deltoid, 

Omo-clavicularis (coraco-clavicularis, v. eoraco-clavicularis posticus, 
Calori, Gruber).—This muscle arises from the outer end of the cla- 
vicle, less frequently from the inner end, sometimes also from the manu- 
brium sterni, and passes outwards to be inserted into the coracoid pro- 
cess of the scapula. The insertion is sometimes into the upper border 
, of this bone. A similar muscular band has been described by Mr. 
Wood under the name of— 

Scapulo-clavicularis—This I have never succeeded in finding, 
although I have sought for it in more than a hundred and twenty 
subjects. 

Sterno-clavicularis; sterno-clavicularis anticus; prae-clavicularis me- 
dius (described and named by Gruber).—Arises from manubrium sterni, 
anterior sterno-clayicular ligament, and cartilage of first rib—some- 
times from only one of these points of attachment—and passes out- 
wards in front of the subclavius to be inserted into the middle third of 
the clavicle. It has been found inserted into the coracoid process of 
the scapula, when it received the name of— 

Coraco-clavicularis anticus, vy. singularis.—Of the latter insertion 
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I have met with one case. I have never seen the more frequent form 
of this anomaly. 

Supra-clavicularis; sterno-clavicularis (Hyrtl); sterno-clavicularis 
superior ; sterno-omoideus.—Arises from anterior surface of manubrium 
sterni, and is inserted into the front of the clavicle at a variable dis- 
tance from its outer end. When symmetrically developed, the two 
muscles often meet in the middle line, forming a 

Musculus interclavicularis.—Ot this latter “form of the anomaly I 
have seer two examples. J have observed but one specimen of uni- 
lateral development. 

Retro-clavicularis (Weber); sterno-clavicularis posticus.—Arises from 
posterior surface of manubrium sterni, and is inserted into the inner 
end of the clavicle, on its posterior surface. I have seen one speci- 
men, but it had, as in the one observed by Lawson Tait, a second head 
from the posterior sterno-clavicular ligament. 

Infra-clavicularis (Bardeleben). —Arises from front of clavicle, and 
is inserted into the fascia in front of the pectoralis major. I have 
met with one example: it arose fleshy from the clavicle for about an 
inch of the middle of its anterior border and formed a tendinous ex- 
pansion, which, passing downwards and outwards, and intersecting, 
at a very acute angle, the line of direction of the clavicular fibres of 
the pectoralis major, bended with the fascia, in front of the latter 
muscle, after a course—including the length ‘of the fleshy fibres—of 
about four inches. So far as I know, this is the only example pub- 
lished, except that of Bardeleben. 

Subclavius posticus; scapulo-costalis; sterno-scapularis.—Arises from 
the first rib, and is inserted into the root of the coracoid process of the 
scapula, or into the ligament of the notch. I have seen but one 
example occurring in a large number of subjects, having examined 
this region carefully for anomalies, in over a hundred. Krause says 
the frequency of its occurrence averages seven per cent., and according 
to Professor Macalister it is met with once in fifteen subjects. 

Supra-costalis superficialis (vel anterior).—A bundle of muscular 
fibres passing from one of the upper ribs (generally the first) to 
another rib at a variable distance below. It lies beneath the pec- 
toralis major and minor. 

Supra-costalis profundus.—This bundle of fibres, when present, lies 
beneath the serratus anticus magnus. I have met with a good many 
specimens of both sauperficialis and profundus, but did not feel suffi- 
ciently interested in the anomaly to keep any record of them. 

Transversus colli (Luschka); costo-fascialis cervicalis (Macalister).— 
This muscle arises from the first rib, and passing obliquely inwards 
behind the clavicle, and between the sterno-hyoid and sterno-thyroid 
muscles, is inserted into the deep fascia at the root of the neck (sep- 
tum thoracico-cervicale). Professor Krause suggests that it may be 
regarded as an upper differentiated digitation of the triangularis sterni 
muscle. 

Tensor senrivaginae articulationis humero-seapularis (Gruber).—This 
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rare muscle arises from the front of the manubrium sterni and cartilage 
of first rib, and passes outward between pectoralis major and minor, to 
be inserted into the front of the capsule of the shoulder-joint. I have 
found on one occasion a bundle of fibres arising from the cartilage of 
the first rib at its junction with the bone, and passing outwards between 
the greater and lesser pectoral muscles, to be inserted into the anterior 
aspect of the shoulder capsule. 

To the anomalies of the muscles of the back, of the diaphragm, and 
of the flat muscles of the abdomen I have not given special attention, 
although some remarkable deviations from the typical arrangement 
have been met with. 

Basio-deltoideus ; fasciculus infraspinata deltovdeus (Gruber).—This 
bundle of fibres is accessory to the normal deltoid muscle, and corre- 
sponds to the abductor brachii inferior of the lower mammals (W. 
Krause, Anatomie des Kaninchens, 1868). It arises from the vertebral 
border of the scapula at a variable level, sometimes as low down as the 
inferior angle of the bone, and passes outwards to join the lower fibres 
of the deltoid. Of this form of the accessory muscle I have met with 
two examples. Other accessory bundles have been described. One 
from the axillary border of the scapula has been named costo-deltoideus : 
a separate slip from the acromial end of the clavicle has been named 
acromio-clavicularis lateralis. Still rarer specimens are those which 
have been described under the names of tensor fasciae deltoideae a fascia 
infraspinata and tensor fasciae deltoideae a margine axillari scapulae, 
respectively. I have never met with any of these latter forms. 

Infra-spinatus.—This muscle I have twice seen to receive an acces- 
sory slip from the deltoid. I have seen a good many specimens (over 
five in number) in which it was quite inseparable from the teres minor. 
The upper fibres of the muscle are sometimes quite separate from the 
remainder, forming what has been described as the infra-spinatus mi- 
nor. Of this variety I have seen one well-defined example. 

Teres minor.—Fusion with the infra-spinatus has been already 
mentioned. Complete absence of the muscle I have once observed. 

Teres minimus.— Under this name has been described a bundle of 
fibres parallel to and in close contact with the lower edge of the teres 
minor. I have seen one example occurring on both sides of a male 
subject of great muscular development. 

Subscapularis minor; subglenoidalis; infra-spinatus secundus; sub- 
scapulo-humeralis ; subscapulo-capsularis.—Under this name has been 
described an upper detached portion of the subscapularis muscle. 
Arising from the upper part of the axillary border of the scapula, 
sometimes from the tuberculum infra-glenoidale, where it adheres to 
the long head of the triceps, it passes outwards to be inserted either 
with the normal subscapular tendon into the lesser tuberosity of the 
humerus, or what much more frequently happens, into the front of the 
capsule of the shoulder-joimt (subscapulo-capsularis, Gruber, Macalis- 
ter). According to Professor W. Krause, the frequency of its occur- 
rence varies from five to thirty-three per cent. I have found it four 
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times in thirty-nine subjects, whose bodies were carefully examined for 
it: three were inserted into the capsule—one into the lesser tubero- 
sity of the humerus. Professor Krause also mentions among the varie- 
ties of the sub-scapularis a bundle of fibres arising from the lesser 
tuberosity or its immediate vicinity, and going to be inserted into the 
capsule of the joint. It is present, according to him, in about 0°4 per 
cent. of the cases examined, and has received the name of 

Capsularis humero-scapularis.—I have never succeeded in finding it. 

Gleno-brachialis (Gruber), arises with the long head of the biceps 
from the tuberculum supra-glenoidale, pierces with it the shoulder 
capsule, and is inserted into the humerus. I have once met with it; 
the insertion was into the inner edge of the bicipital groove about 
three-quarters of an inch below the lesser tuberosity. 

Coraco-brachialis—The anomalies of this muscle are numerous, 
and I have met with examples of nearly all those which have been 
hitherto described, but regret to say that I have kept no record of 
their relative frequency in my cases. Three conspicuous forms of this 
muscle have been described by Wood: brevis, medius, and longus. 

Coraco-brachialis brevis.—In its more typical form this muscle arises 
from the apex of the coracoid process, beneath the ordinary coraco- 
brachialis, and is inserted into the surgical neck of the humerus below 
the lesser tuberosity. It has been found by Macalister inserted into 
the tendon of the subscapularis, and sometimes into the capsule of 
the shoulder-joint (coraco-capsularis); he has also found its fibres blend- 
ing with those of the subscapularis muscle. Under the head of sub- 
varieties of this anomaly must be classed the following :— 

Depressor tendinis subscapularis maoris, vel retinaculum musculare 
tendinis subscapularis majoris (Gruber); tensor capsulae humeralis ; 
deltoidius profundus, which arises from the lower border of the tendon 
of the subscapularis, and is inserted into the surgical neck of the 
humerus; and 

Tensor fasciae et cutis foveae axillaris, which is merely formed by 
a detached slip of the other inserted into the skin and fasciae of the 
axilla. Ihave found examples of all these abnormalities excepting the 
last mentioned. 

Coraco-brachialis medius.—This I have several times found as a 
distinct muscle. In all it was pierced by the musculo-cutaneous 
nerve. In two instances I have seen a muscular slip detached from 
this muscle to join the inner head of the triceps, and crossing in front’ 
of the brachial artery. 

Coraco-brachialis longus.—This muscle I have found completely 
separate in only two instances. In both cases the insertion was into 
the internal brachial ligament about an inch above the epicondyle. In 
its downward course the muscle crossed over the brachial artery and 
median nerve. 

Biceps brachii.—As the result of very careful examination in the 
human subject, and comparison of the arrangement of its fibres with 
the analogous muscle in the lower animals, Professor W. Krause has con- 
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cluded that it is really made up of four distinct parts, to which he gives 
the respective names of coraco-radialis, coraco-ulnaris, gleno-radialis, 
and gleno-ulnaris. The two first named form the short head, while the 
union of the third and fourth segments forms the long or glenoid por- 
tion. Although it may be rather difficult for most anatomists to agree 
entirely with his views, a careful consideration of them certainly tends 
to throw a good deal of light on the peculiarities of its variations. 

Coraco-radialis.—Alone, is present in Orycteropus capensis, rhino- 
ceros, echidna, frog, toad, lizard. 

Coraco-radialis and coraco-ulnaris.—In emys, chameleon. 

Coraco-radialis and gleno-ulnaris.—In marsupialia, both muscles 
being quite separate. 

Gleno-radialis—Alone, in nycto-pithecus, stenops, talpa, horse, 
ruminantia. 

Gleno-ulnaris.—Alone, in Hyrax capensis, rodentia. 

Gleno-radialis and gleno-ulnaris.—In pig, monotremata. 

Doubling of the heads. I have observed two examples of duplicity 
of the long head, and one of that of the short. 

The two heads of the muscle I have seen separate for the whole 
length of its course. The long head I have found completely absent 
in three cases, and the short head in one. The semilunar aponeurosis 
I have found completely absent in one case. I have twice found an 
accessory slip from the tendon of the pectoralis minor going to the 
short head. An accessory slip from brachialis anticus to biceps I 
have found in three cases of forty-nine subjects, in which these 
muscles were carefully examined. An additional head between coraco- 
brachialis and biceps I have found present five times in the same 
series of bodies. This nearly agrees with the results of Wood and 
Macalister, who make its relative frequency to be one in ten. In one 
case I have found two supernumerary heads arising in this region. 
The upper came directly from the insertion of the coraco-brachialis, 
from which it arose by a tendinous slip. The other came from a 
point about an inch lower down, and was adherent to the adjacent 
margin of the brachialis anticus. Its origin was entirely fleshy. An 
additional origin from the great tuberosity I have seen in one case. 
It has also been described by Meckel and Macalister. Under the 
denomination of supernumerary attachments of the biceps must also 
be classed the following varieties, which have been described under 
separate names :— 

Brachio-radialis (Gruber, Theile, &c.).—Arises from the humerus 
between the insertion of the deltoid and the origin of the supinator 
longus, and passing down close to the outer margin of the biceps, but 
distinctly separate from the latter, to be inserted with it into the tube- 
rosity of the radius. I have found this muscle extremely well deve- 
loped in two instances, but it adhered very intimately to the lower part 
of the muscular portion of the triceps, and almost inseparably to its 
tendon. 


Brachio-fascialis; brachialis accessorius ; supinator brevis accessorius 


2N 2 
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(Struthers).—This slip arises from the inner side of the biceps, and 
passing obliquely downwards and inwards, crosses in front of the 
brachial artery, and is inserted into the fascia over the pronator radii 
teres. Of this anomaly I have met with four examples. 

Brachialis anticus.—This muscle I have found in three instances 
completely cleft from origin to insertion—but its attachments 
were in other respects quite normal. Continuity of its outer fibres 
with those of the supinator longus, as described by Wood and Macalis- 
ter, I have seen in one case, giving rise to the formation of a tunnel 
through which passed the musculo-spiral nerve with the accompanying 
branch of the superior profunda artery. An accessory head from coraco- 
brachialis I have seen in two instances. Of its inferior attachments I 
have seen the following varieties:—sending a slip to the tendon of the 
pronator radii teres—this I have observed twice ; aslip to the supinator 
longus below the level of the elbow jomt—this I have seen occurring 
on both sides in one subject ; a slip to the flexor sublimis digitorum— 
of which I found one example in a very muscular subject (male). 

Brachialis internus minor.—Ot this muscle, which is but a detached 
slip of the brachialis anticus, [have met with three specimens in forty- 
nine subjects. In two cases it lay on the radial side of the muscle, 
and was inserted into the radius at the inferior part of the bicipital 
tuberosity ; in one it lay on the inner side of the muscle, and was in- 
serted separately a little below the level of coronoid process. 

Triceps brachii.—I have seen few noteworthy variations from the 
typical attachments of this muscle. Apparent direct continuity of the 
triceps and anconeus I have several times observed. A distinct slp 
from the tendon of the subscapularis at its attachment of the lesser 
tuberosity I have once seen. In two cases of seventeen subjects 
(which were specially examined for it) I found a bursa between the 
internal part of the triceps and the ulnar nerve as it lies behind the 
epitrochlea. (Bursa mucosa retro-epitrochlearis of Gruber.) I have 
noted four examples of the accessory slip from the lower border of the 
tendon of the latissimus dorsi, described by Professor Halbertsma under 
the name of anconeus quintus. 

Another muscular slip has been described under the name of anconeus 
guintus (vel minimus) ; epitrochleo-anconeus (of Gruber) ; anconeus ept- 
trochlearis (Wood).—This muscle arises from the back of the inner 
condyle of the humerus, and is inserted into the olecranon process of 
the ulna. Its bulk and extent of attachment are very various; ac- 
cording to most authorities it would seem to be present in about 
a fourth of the subjects examined. 

Subanconeus.—The only peculiarity I have met with in this muscle 
is the frequency of its absence. Indeed I have but seldom been able 
to define its existence as a separate muscle, and have been led to won- 
der why it is described in all the hand-books as a separate muscle. 
Under the head of the anomalies of the triceps extensor cubiti, I 
would also include the slip described by Gruber under the name of the 
levator tendinis latissimi dorsi. It arises from the coracoid process and 
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adjacent part of the capsule of the shoulder-joint, and is inserted into 
the upper margin of the tendon of the latissimus dorsi. 

Supinator radii longus accessorius; brachio-radialis accessorius ; 
brachio-radialis brevis (vel minor).—Arises with the supinator longus 
and is inserted a little below the level of the tuberosity of the radius. 
I have seen one specimen: it is present, according to Krause, in about 
one per cent. of the bodies examined. The insertion of supinator radii 
longus I have found double in one case, the upper tendon being attached 
to the outer surface of the radius about three inches above the level of 
the styloid process. The radial head passed between it and the 
lower tendon, which had the normal insertion of supinator longus. 

Extensor carpt radvalis accessorius (Wood).—Arises from the outer 
condyle of the humerus below the attachment of the extensor carpi 
radialis longior, and travels with the latter muscle—passing through 
the same groove in the posterior annular ligament of the wrist, and 
goes thence to its insertion into the base of the first metacarpal bone. 
Ihave found it once in a muscular subject. The inferior attachment of 
this muscle may be into the back of the scaphoid bone, or base of first 
metacarpal, or into both, as it was in my case; or into outer edge of 
abductor pollicis, or of outer head of flexor brevis pollicis. 

Pronator radii teres.—The two heads of this muscle I have found 
separate through their whole length down to the radial insertion. It 
occurred in three instances; in one case on both sides. Twice I have 
seen a third head arising from the ulna about two inches below the 
level of the coronoid process. 

Flexor carpi radialis.—This muscle I have seen in four instances 
taking an accessory slip from the inner margin of the coronoid process 
of the ulna. In two of them the median nerve passed between the 
heads. With regard to its insertion, I agree with Professor W. Krause 
in making the normal one to be into both second and third metacarpal 
bones. This I found to be the case in nineteen out of thirty-four 
specimens of the muscle, in which the attachments were made out with 
care. In one of these cases the insertion was into the trapezium; in 
another into trapezium and second metacarpal; in another into third 
and fourth metacarpal. 

Flexor carpi radialis brevis (v. profundus); radio-carpus (Fano) ; 
radialis internus brevis v. minor, v. profundus (Gruber).—One well- 
developed specimen of this muscle was found among the thirty-four 
subjects whose fore-arms I specially examined for muscular anomalies. 
The origin was from the radius outside the flexor pollicis longus, 
reaching from the lower end of the oblique line down to about the 
junction of middle with lower third of outer edge of pronator quadra- 
tus. Its tendon passed through a separate canal in the anterior an- 
nular ligament close to that for the flexor carpi radialis, and divided 
into two slips, which went to be inserted into the front of the bases of 
the second and third metacarpal bones. I have met since with two 
other specimens of this muscle, similar in origin, but neither nearly so 
well developed. The insertion varied in each case: one was inserted 
into the trapezium (the true radio carpus of Fano); the other was 
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inserted by two slips into trapezium and base of second metacarpal 
bone (radio-carpo-metacarpalis). 

Palmaris longus.—This, which enjoys the distinction of being the 
most variable muscle in the body, I found absent in four of thirty-four 
subjects. In one case the deficiency was symmetrical; in the other 
three unilateral—two on the left side, one on the right. In the case 
of bilateral absence, the subject was a female, the others were males. 
A second head from the coronoid process was present in two instances. 
There was one example in which the fleshy belly was two and a-half 
inches in length. In one case the tendon was inserted directly into 
the outer margin of the abductor pollicis, just below its origin. 

I have since met with a specimen in which the insertion was into 
the tuberosity of the scaphoid bone. Also an example of doubling of the 
muscle, both heads coming from the internal condyle, but the second 
head lying beneath the other, and not coming from the common tendon. 
The deep head has received the name of palmaris longus accessorius 
(Krause). 

Flexor digitorum sublimis.—Absence of the tendon for the little 
finger I have observed in three instances. The index flexor I have, 
in two cases, found quite distinct from the rest of the muscle, from 
its origin to its insertion. 

Flexor carpi ulnaris.—This muscle I have once found wholly inserted 
into the anterior annular ligament. The palmaris longus was absent. 

Flexor carpi ulnaris brevis —Of this muscle I have met with one 
specimen. The origin was from the ulna, inside the upper end of the 
flexor digitorum sublimis, for about two inches in length. It passed 
through a separate canal in the anterior annular ligament, and was 
inserted into the base of the fourth metacarpal bone. 

Flexor digitorum profundus.—The only notable variety of this 
muscle I have seen was a complete isolation of the index portion along 
its whole length. This occurred twice in thirty-four subjects exa- 
mined; and I have seen some other examples, of which I took no note. 

Flexor digitorum profundus accessorius ; musculus accessorius ad digi- 
torum profundum (Gantzner).—One example of this muscle I have 
seen arising from the inner side of the coronoid process; it formed two 
tendons which went to the middle and little fingers. The tendons 
pierced the corresponding ones of the sublimis, and were accompanied 
by very small tendinous bands from the normal flexor profundus. 

Flexor pollicis longus.—This muscle received, in two cases of the 
thirty-four subjects specially examined, an accessory head from the 
internal condyle. The coronoid head, which in some form was pre- 
sent in eighteen cases, arose separately in nine; in common with the 
deep head of pronator radii teres, in three; closely adherent to the coro- 
noid head of flexor sublimis digitorum, in four; and by a slip common 
to all three in the remaining two. An accessory slip, coming directly 
from the fleshy fibres of the flexor sublimis digitorum, was present in 
one case; and such a muscular bundle is mentioned by Krause under 
the name of fasciculus exilis. 

Pronator radii quadratus—Complete separation into two parts 
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occurred twice in thirty-four subjects, and I have seen several other 
examples. The bilaminar form described by Meckel and Macalister 
occurred once. Once the muscle almost formed a triangle, the trun- 
cated apex of which was formed by the radial end. 

Cubito-carpeus.—This rare muscle arises from lower end of ulna, 
where it is in close contact with the pronator quadratus, form- 
ing, in fact, a detached portion of the latter; and it passes inwards to 
be inserted into the tuberosity of the staphoid bone and base of the 
first metacarpal. It nearly corresponds to the ulno-carpalis singularis 
anterior of Gruber ; but the latter is large at its ulnar attachment as 
the normal pronator, and is wholly inserted into the carpus. 

Tensor ligamenti annularis (v. orbicularis) dorsalis (v. posterior).— 
Arising from the ulna behind the lesser sigmoid cavity, it is inserted 
into the posterior surface of the orbicular ligament of the radius. I 
found it as a distinct slip six times in thirty-four subjects. According 
to Macalister, its proportional frequency as a separate muscle is twenty- 
five per cent. of subjects examined; according to Gruber it has been 
found in seventy-four per cent. of fore-arms. 

Tensor ligamenti annularis (v. orbicularis) volaris (v. anterior).— 
Arises from the coronoid process of the ulna, and is inserted into the 
anterior surface of the orbicular ligament of the radius. It is much 
less frequently seen than the other : it occurred in my cases twice in 
thirty-four subjects: according to Krause, the average frequency of its 
occurrence is seven per cent. 

Supinator radit brevis accessorius.—Is a small slip from the brachialis 
anticus, going to the tubercle of the radius. J have seen two specimens. 

Extensor carpi radialis longior ; brevior.—These muscles I have found 
completely inseparable five times in thirty-four bodies. In one of the 
cases three tendons were given off—one to the second metacarpal bone, 
two to the third. In another instance a normal longior sent an acces- 
sory tendon to accompany that of brevior. Brevior had a double in- 
sertion in two of the fore-arms into second and third metacarpal bones. 

Lixtensor communis digitorum.—Absence of the little finger tendon 
occurred in three of the subjects already referred to. Doubling of one 
or more of the tendons occurred in a large proportion of cases, but I 
made no note of the exact number. 

Extensor minimi digiti.—This was completely absent in one instance. 
In two other cases there was a double tendon: in one of these the two 
slips were inserted together; in the other the second tendon went to 
the metacarpal bone of the ring finger. In one case the muscle was 
double, the second part forming the extensor minimé digitd accessorius 
(Krause). 

Extensor brevis digitorum manus.—A rudimentary muscle, which is 
found in various forms of development on the back of the hand. The 
proportion of cases in which it occurs is, according to Krause, from 
three to seven per cent. It arises most frequently from the posterior 
annular ligament (Krause); sometimes from the end of the radius 
(Albinus, Humphry); from the bases of one or more of the metacarpal 
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bones (Wood, Macalister, &c.). I have seen but one specimen; it arose 
from the bases of the second and third metacarpal bones, and took some 
fibres from the adjacent part of the posterior annular ligament, and 
gave off two tendons which went to the index and middle digits—each 
joiming with the corresponding tendon of the long extensor. 

Extensor ossis metacarpt pollicis—The tendinous end of this muscle 
presents very frequent variations. I have seen the tendon doubie; 
the second slip going in one case to the trapezium; in two instances to 
the abductor pollicis. A triple tendon occurred once: one had the nor- 
mal attachment, the other two slips went to the trapezium, and to outer 
edge of abductor pollicis respectively. A quintuple tendon existed in 
one case: two of the slips went to the normal insertion, two to the tra- 
pezium, and one to become fused with the extensor primi internodii 
pollicis. 

Extensor primi internodit pollicis—This muscle was completely 
absent in one case; and in two others sent an accessory tendinous 
slip to the extensor secundi. 

Of the muscles of the thenar eminence few notable variations were 
observed. 

Abductor pollicis brevis alter; abductor pollicis internus.—OE this 
accessory bundle of muscular fibres—arising with the normal abduc- 
tor and on its inner side—I have seen two examples. 

Adductor pollicis.—In a large number of cases (of which, indeed, I 
kept no accurate record) the radial artery divided the muscle into two 
parts, as has been specially described by Bischoff, who has given the 
two divisions the names of adductor pollicis obliquus, and adductor polh- 
cs transversus respectively. 

Abductor minimi digiti—This muscle I have found arising by two 
completely separate heads; one from the pisiform bone, the second 
from the anterior annular ligament. 

Lumbricales.—The first was absent twice in thirty-four subjects. 
Both first and second were absent in another. 

Psoas parvus.—A remarkable specimen of this muscle was met 
with last session. It had the usual origin; but the insertion was into 
the side of the cartilage between third and fourth lumbar vertebrae. 

Iliacus minor; tlio-capsularis—Analogous to the subscapularis 
minor in upper extremity. Arises from anterior inferior spine and 
ilio-femoral ligament, and is inserted, a little above the iliacus tendon, 
into the spiral line. 

Tensor vaginae femoris.—In one case the origin of the muscle was 
three-quarters of an inch distant from the anterior superior spine of 
the ilium. The only other variation I have observed is the great 
difference in the length of its fibres in different subjects. 

Sartorius.—I once found inserted into the inside of the capsule of 
the knee-joint. 

Adductor minimus (Henle); adductor quartus (Diemerbrock).— 
This muscle is merely the upper and outer part of adductor magnus; I 
consider it worthy of separate mention because I have found it quite a 
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distinct muscle in the vast majority of cases I have examined. This 
has also been the experience of Professor Macalister. 

Gluteus quartus ; invertor femoris; scansortus.—This muscle is formed 
by a differentiated portion of the anterior part of the glutaeus minimus. 
When present its origin reaches as high as the anterior superior spine 
of the ilium. I have found it very distinct in three cases. 

Gemellus superior—This muscle I have found frequently absent, 
The inferior muscle I have never missed. 

Quadratus femoris was found completely absent in two instances. 
One of these has been already published. 

Biceps flecor cruris.—A third head to this muscle from the upper 
part ef the linea aspera I have once seen. Absence of the short head 
was noted in two instances. 

Gastrocnemius.—A third head of this muscle from the popliteal 
surface of the femur I have twice seen (gastrocnemius tertius, Krause). 
Accessory fibres of outer head arising from the external lateral liga- 
ment of the knee-joint I have found present in five instances. 

Popliteus.—I have once found an accessory slip to this muscle arising 
above the normal popliteus from the external condyle of the femur. 

Tensor capsule tibio-tarsalis—A very well developed specimen of 
this muscle I have once met with, arising from the outer surface of the 
tibia for the lower third, below and outside the tibialis anticus, and going 
to be inserted into the anterior annular ligament of the ankle-joint. 

Peroneus quartus (Otto); sextus (Macalister); p. accessorius.—Of 
this muscle I have found one well-developed specimen (already pub- 
lished). It arose from the lower part of outer surface of fibula, where 
its fibres were found continuous with the lower part of the peroneus 
brevis. The insertion was into the outer surface of the os calcis, just 
behind the peroneal tubercle. 

Peroneo-tibialis.—Arises from inner side of fibula just below the 
head, and is inserted into the oblique line of the tibia. Krause says 
it is present in eighteen per cent. of the subjects examined, and con- 
siders it analogous to the ulnar head of pronator radii teres. I have 
found it four times in forty-nine subjects in which it was specially 
looked for. 

Pronator pedis; peroneo-caleaneus internus.—Arises from the fibula 
beneath and outside the origin of the flexor longus pollicis, and is 
inserted into the inside of the os calcis. It was considered by Meckel 
to be the analogue of the pronator quadratus in the upper extremity. 
I have seen but one example. The insertion was into the sustentacu- 
lum tali. 


Besides the anomalies enumerated in the preceding pages, I have 
in my possession scattered notes of a considerable number, still un- 
classified, chiefly of the muscles of the lower extremity, which time 
has not permitted me to tabulate, but of which I shall take the 
earliest opportunity that time may afford to publish a complete list. 
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LXIV.—Pretiminary Note on THE PLANE REPRESENTATION OF CERTAIN 
Prosiems IN THE Dynamics or a Ricmy Bopy. By Roserr 
S. Batt, LL.D., F.R.S. 


[Read, April 11, 1881.] 


Tur present Paper applies to the case where the rigid body has 
freedom of the third order, and while the body remains in or near to 
its original position. Three co-ordinates will then specify any posi- 
tion which the body can attain. Two independent co-ordinates will 
specify the screw about which the body is twisting. The screws in 
the system can be most conveniently designated by three homogeneous 
co-ordinates of which only the ratios are concerned. The representa- 
tion of a screw is therefore analogous to the representation of a point 
in a plane by trilinear co-ordinates. The object of this Paper is to 
develop this analogy. The reader is presumed to be acquainted with 
the elements of the Theory of Screws. 

Let 6;, 62, 63, be the co-ordinates of a screw @, referred for con- 
venience to the three principal screws of the three-system, which 
defines the freedom of the body (see Zheory of Screws, p. 116). 
We can also denote the position of a point in a plane by the three 
co-ordinates 0, 62, 6;, and hence we are led tc the result that 


To each screw of a three-system corresponds one point in the plane. 


The converse of this is also generally true. It would be universally 
true but for one conic, and four points thereon, of a very remarkable 
character. To each of these points corresponds a whole plane of 
screws in the three-system, while the remaining points on the conic 
have no screws corresponding to them. 

Two screws determine a cylindroid, and the co-ordinates of any 
third screw on the cylindroid are linear functions of the co-ordinates 
of the two given screws; and hence 


To each eylindroid of screws belonging to the three-system corresponds 
a straight line in the plane. 


It is well known that any two cylindroids of a three-system have 
one common screw. This theorem becomes sufficiently obvious when 
the cylindroids are represented by right lines, the common screw of 
course corresponding to their intersection. 

If pu, Pp, Py, be the pitches of the three principal screws of the 
system (Theory of Screws, p. 121), then the pitch yg of any other 
screw @ is given by the equation 


PaO? + peO.* + py O;* — po (0:7 + 6,7 + 0?) = 0. 


Tf we regard pg as given, then this equation corresponds to a conic 
section in the plane. To each pitch po will correspond a different 
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conic. All the conics will form a family of the type S +S’ =0, and 
they intersect in the same four points. These points are defined by 
the equations 


PaO? + pgO? + py 92 = 0, 
6,” at; 6. oF 637 = 0. 


The first of these equations denotes the conic which corresponds to 
the screws of zero pitch. The second of the equations denotes the 
locus of the screws of infinite pitch. It is the exceptional conic just 
referred to. The four points common to their conics are of indeter- 
minate pitch; they are indeed the exceptional points, and of course 
they are imaginary. 

It has been shown (Theory of Screws, p. 121) that the locus of the 
screws of pitch yp in the three-system is the quadric 


(Pa — po) &? + (Ye— Po) y* + (Py — Pe) 2 + (Pa—Pe)( Mp — Po) Py - po) = 9. 


This is the real part of the locus, but the complete locus contains an 
imaginary portion also. This fact is at once exhibited by the plane 
representation. A straight line in the plane represents a cylindroid, 
7. €. a surface of the third degree. It hence followed that a conic in 
the plane should correspond to a surface of the sixth degree. We 
thus learn that the real locus of the screws of any given pitch must 
be a surface of the sixth degree, and that consequently the quadric with 
which we were already acquainted requires to be multiplied by a fac- 
tor of the fourth degree. 

It can be shown that this factor is the product of the four planes, 
produced by giving variety of sign to the coefficients in 


V Pp — Py + V Dy — Pay + V Pa — Pat 
ati V pp aly V py TIME V Da — Pp = 9. 
In general, if z, y, z be the co-ordinates of a point on a screw 


belonging to the system, and if 6,, 62, @; be its co-ordinates, then we 
have 


x (8? ar 6,”) —y%; 6, = 20; é; ae (pe — py) POs = 0, 
y (837 3 6,7) = % Oz 05 = x 6,6, ar (py — pa) Os, = 0, 
2 (07 ar 6,7) = xO; 6, = y Os; 6, ar (Va — pe) 6, = (0), 


In the present case 


Oe Behe 8 Ok? 218 Vy yp BON me Neneh 
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whence each of these equations reduces to 


V Dp —Dyt+V Dy Pay +V Da — Dp 
+V Dp — Dy V Dy —DaV Pa - Dp = 9. 


Through each point in this plane a line can be drawn, whose direction 
cosines are proportional to 


V Pe — Dy V By ~ Da, V Pa — Pps 


It is remarkable that this line, besides lying in the plane, is also normal 
thereto, and with any pitch whatever this line willbe a screw of the system. 

Each of these planes of screws will correspond to one of the four 
remarkable points through which all the pitch conics pass. The plane 
representation of the screws in the three-system is thus seen to be more 
complete than the family of pitch quadrics which, until supplemented 
by the four imaginary planes, is not an adequate locus for all the screws 
of given pitch. 

It will be convenient for our immediate purpose to designate the 
conics by the pitches to which they correspond. Thus we have the 
zero-pitch conic, the infinite-pitch conic, and their points of intersection 
we may speak of as the fundamental points. 

Let 6 and ¢ be two screws of the system, if they are reciprocal 
then (Serews, p. 35) 


Pa hi + Pp Oz ho + Py Osh; = 0, 


whence we deduce the result that 


Tf two screws are reciprocal, then their corresponding points are conju- 
gate with respect to the zero-piteh conie. 


If the two screws were at right angles, then we would have the 
following relation between their co-ordinates : 


6; hb; + 62 bo + 0; b; = 0; 
whence we find 
Tf two screws are reciprocal, then their corresponding points are conju- 
gate with respect to the infinite-pitch conve. 
It will also be easy to show that 


The angle between two screws is proportional to the logarithm of the 
anharmonic ratio in which the line joining their corresponding points ws 
divided by the infinite-pitch conie.* 


1 Tf we regard the infinite-pitch conic as the absolute, then the angle between 
two screws is nothing else than the ‘“‘distance’’ in the non-Euclidian sense between 
their two corresponding points. 
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The vertices of the self-conjugate triangle that can be constructed 
with respect to the two conics correspond to screws mutually recipro- 
cal and rectangular, whence 


The principal screws of the three-system correspond to the vertices of 
the triangle which is self-conjugate with regard to the xero-pitch, and the 
infinite-pitch conve. 


For the determination of a three-system nine data are required— 
for example, nine data will give the pitch quadric, and when that is 
known the rest of the system is determined. An equal number of 
data is required for the plane representation. Five of these may con- 
veniently specify the zero-pitch conic, while the specification of the 
four fundamental points thereon will absorb the remainder. 

The conic and four points being known, the self-conjugate triangle 
is determined; the equation of the conic referred to that triangle is 
therefore known, and thus the pitches p,, pg, p, of the three princi- 
pal screws are determined. It remains to be shown how the pitch of 
the screw corresponding to any other point in the plane is to be ascer- 
tained. 

It is not difficult to prove the following theorem :— 


Measure off distances p., Pg, Py, Po on a straight line from an arbi- 
trary point, then the anharmonie ratio of the four points thus obtained is 
equal to the anharmonic ratio which the point corresponding to 0 subtends 
at the four fundamental points. 


We are now able to construct the infinite-pitch, or any other pitch 
conic, from the primitive data, as the problem is merely to draw a 
conic through four points so that the anharmonic ratio subtended at 
those four points by a variable point shall be given. 

Each screw of a three-system has one screw of the reciprocal sys- 
tem parallel to it, with a pitch of changed sign. If we take a plane 
representation and change the signs of all the pitches, then the new 
arrangement gives the screws of the reciprocal system parallel to all 
those of the old. 

Two conics can be described through the four fundamental points 
to touch any given straight line; the two points of contact will 
indicate the two principal screws on the cylindroid corresponding to 
the straight line. The other pitch conics will cut the line in points 
which form an involution, each pair corresponding to the two screws 
of the same pitch on the cylindroid. 

The polar of a point with regard to the zero-pitch conics corre- 
sponds to the cylindroid which is the locus of screws in the three-system 
reciprocal to a given screw. 

On each cylindroid one screw ¢ reciprocal to a given screw @ can 
be found. It is only necessary to take the polar of 6 with regard to 
the zero-pitch conic, and the point in which it intersects the line cor- 
responding to the cylindroid gives the required screw. 

By the aid of the plane representation we are enabled to solve many 
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problems in the dynamics of a rigid body which has freedom of the third 
order. 


Let an impulsive wrench act upon a quiescent rigid body; tt is required 
to determine the instantaneous screw about which the body will commence to 
twist. 


It can be easily shown (Serews, p. 59) that the impulsive wrench, 
wherever situated, can always be adequately represented by an impul- 
sive wrench on a screw of the three-system. The problem is therefore 
reduced to the determination of the point corresponding to the instan- 
taneous screw, where that corresponding to the impulsive screw is 
known. In the special case where the freedom degrades to, the rota- 
tion around a point, the problem now before us reduces to that solved 
in Poinsot’s celebrated memoir. 

We have first to draw the conic of which the equation is (Serews, 
p. 133) 


Uy? 0,7 + up” 8,7 + us” 6,7 = 0. 


This conic is of course imaginary, being in fact the locus of screws 
about which, if the body were twisting with the unit of twist velocity, 
the kinetic energy would nevertheless be zero. If two points 0, ¢ are 
conjugate with respect to this conic, then 


Uy” 6; on + Un" (a), do oP U3" 6; 3 — 0. 


The screws corresponding to 6 and ¢ are then what we have called 
conjugate screws of inertia. 

This conic is referred to a self-conjugate triangle, the vertices of 
which are three conjugate screws of inertia. It is possible to find one 
self-conjugate triangle to the zero-pitch conic, and to the conic of 
inertia just considered. The vertices of this triangle are of especial 
interest. Each pair of them correspond to a pair of screws which are 
reciprocal, as well as being conjugate screws of inertia. They are 
therefore what we have designated as the principal screws of inertia 
(Screws, chapter VI.). They degenerate to the principal axes of the 
body when the freedom degenerates to the special case of the rotation 
around a fixed point. 

When referred to this self-conjugate triangle, the relation between 
the impulsive point and the corresponding instantaneous point can be 
expressed with great simplicity. Thus the impulsive point ¢, whose 
co-ordinates are 


0, Uy + Pas OU” + pp; O53 U3” + py, 
corresponds to the instantaneous point whose co-ordinates are 6;, 02, 03. 


The geometrical construction is extremely simple when derived from 
the theorem thus stated. 


If pb denote an impulsive screw, and 6 denote the corresponding — 
instantaneous screw, then the polar of b with regard to the sero-pitch 
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conic is the same straight line as the polar of 0 with regard to the inertia 
conte. 


If H be the virtual coefficient of two screws @ and 7, then 
ade? (Oi ar 6,” ar 63°) = (pF bt + Pp 6.73 + py 9373). 


Tt follows that the locus of the points which have a given virtual co- 
efficient with a given point is a conic” touching the conic of infinite 
pitch at two points. If w be the screw whose polar with regard to 
the infinite-pitch conic is identical with the polar of 7 with regard to 
the zero-pitch conic, then all the screws 6 which make a given virtual 
coefficient with y are equally inclined to y. It hence follows that all 
the screws of a three-system which have a given virtual coefficient 
with a given screw are parallel to the generators of a right circular 
cone. Ali the screws reciprocal to 7 form a cylindroid, and w is the 
one screw of the system which is parallel to the nodal line of the 
cylindroid. The virtual coefficient of y and y is greater than that of 
7 with any other screw. 

If @ be a screw about which, when the body is twisting with a 
given twist velocity it has a given kinetic energy, then we must have 


Uy? G2 + Ua” 6,” ar Us” Oe = (0? 4+ O52 + 6,7) = 0, 


where /? is a constant proportional to the energy. It follows that the 
locus of 6 must be a conic constantly passing through the four points 
of intersection of 


Uy” 6,7 oF Un? 6” ar Us" 6,” = 0, 


6, ar 6,” + 6,” = 0. 


The four points in which these two conics intersect correspond to the 
screws about which the body can twist with indefinite kinetic energy. 
These four points 4, B, C, D being known, the kinetic energy appro- 
priate to every point P can be readily ascertained. It is only neces- 
sary to measure the anharmonic ratio subtended by P, at A, B, C, D, 
and to set off distances ,", w,”, u;", h? on a straight line, so that the an- 
harmonic ratio of the four points shall be equal to that subtended by 
P. This will determine /?, which is proportional to the kinetic energy 
of the unit twist velocity about the screw corresponding to P. 

A quiescent rigid body of mass 7 receives an impulsive wrench of 
given intensity on a given screw 7; determine the locus of the screw 0 
belonging to the three-system, such that if the body be constrained to 
twist about 0, it shall acquire a given kinetic energy. 


* The non-Euclidian geometer will regard all such conics as ‘‘ circles.”’ 
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It follows at once (Theory of Screws, p. 1386) that we must have 
HH (u,’ 6,2 4 Un” 6.” + Us” 637) = (Da On + Pp 6272 + py 033)*, 


where # is proportional to the kinetic energy. The required locus is 
therefore a conic having double contact with the inertia conic. 
It is easy to prove from this that H will be a maximum if 


uO, > Pom = Ue" 0. > Pay = uUs°O3 : Py%3 3 


whence we have Euler’s well-known theorem that if the body be allowed 
to select the screw about which it will twist, the kinetic energy acquired 
will be larger than when the body is constrained to a screw other than 
that which it naturally chooses. 

A somewhat curious result arises when we seek the interpretation 
of a tangent to the infinite pitch conic. This tangent must, like any 
other straight line, correspond to a cylindroid; and since it is the polar 
of the point of contact, it follows that every screw on the cylindroid 
must be at right angles to the direction corresponding to the point of 
contact. The co-ordinates of the point of contact must therefore be 
proportional to the direction cosines of the nodal line of the cylindroid. 

If the body be in equilibrium under the action of a conservative 
system of forces, then there is a conic (analogous to the conic of iner- 
tia) which denotes the locus of screws about which the body can be 
displaced to a neighbouring position, so that even as far as the second 
order of small quantities no energy is consumed. The vertices of the 
common self conjugate triangle of this conic and the conic of inertia 
correspond to the harmonic screws about which, if the body be once 
displaced, it will continue for ever to oscillate. 

The further development of the subject, on which this Paper is a 
preliminary note, must form the basis of a future and more extensive 
memoir. 
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LXV.—On Homoararuic Screw Systems. By Rozperr 8. Batt, 
LL.D., F.R.S. 


[Read, May 9th, 1881. ] 


J nave lately ascertained that several of the most important parts of 
the Theory of Screws can be embraced in a more general theory. I 
propose in the present Paper to sketch this general theory. It willbe 
found to have points of connexion with the modern higher geometry ; 
in particular the theory of Homographic Screws is specially connected 
with the general theory of correspondence. I believe it will be of 
some interest to show how these abstract geometrical theories may be 
illustrated by dynamics. The intimate alliance which exists between 
the higher branches of rigid dynamics and the higher branches of 
modern geometry is perfectly natural. This will, I hope, be sufficiently 
illustrated in the present Paper. Among the more recondite theorems 
in rigid dynamics is that of the existence of a number of principal 
screws of inertia equal to the number of degrees of freedom which the 
body enjoys. Yet we shall show in this Paper that this is an instan- 
taneous consequence of the purely geometrical theory of homographic 
screws. 

We commence with the most general case in which the screws may 
be regarded as existing anywhere in space. I may remind the reader 
that a screw in the present sense of the word denotes a right line of 
specified situation and direction with which the linear magnitude 
termed the pitch is associated. 

Given one screw a, it is easy to conceive that another screw f corre- 
sponding thereto shall be also determined. We may, for example, 
suppose that the co-ordinates of 6 (see Theory of Screws, p. 33) shall 
be given functions of those of a, or we may imagine a geometrical 
construction by the aid of fixed lines or curves by which, when an a is 
given, the corresponding f shall be forthwith known: again, we may 
imagine a connexion involving dynamical conceptions such as that, 
when a is the seat of an impulsive wrench, f# is the instantaneous 
screw about which the body begins to twist. 

As a moves about, so will the corresponding screw 6: we thus have 
two corresponding screw systems generated. Regarding the connexion 
between the two systems from a purely analytical point of view, the 
co-ordinates of a and # will be connected by certain equations. It will 
not generally happen that a single screw £ corresponds to a single 
screw a, and that conversely a single screw a corresponds to a single 
screw 8; but when this does happen the two systems of screws are said 
to be homographic. 

A screw a in the first system has one corresponding screw f in 
the second system; so also to # in the second system corresponds one 
screw a’ in the first system. It will generally be impossible for a and 
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a’ to coincide, but cases may arise in which they do coincide, and these 
will be discussed further on. 

From the fundamental property of two homographic screw systems 
it follows that the co-ordinates of 6 must be expressed by six equations 


of the type— 
By =i (a, 0 O56 a) 
Ser Gces 
BA Siig (Gp ss 6s) 
Tf these six equations be solved for a . . . ag we must have— 
Chavos A a 3 (8h) 
AER (CAEN 
a, = F (B:, cliemie Be)- 
It can be easily shown, that if a, a... . a, are to have unique values, 


then these equations must be linear; whence we have the following 
important result :— 


In two homographie screw systems the co-ordinates of a screw in one 
system are linear functions with constant coefficients of the co-ordinates 
of the corresponding screw in the other system. 


If we denote the constant coefficients by the notation (11) (22), &c., 
then we have the following system of equations :— 


By = (11) a + (12) ag + (18) a; + (14) og + (15) a; + (16) ag, 

Bz = (21) a + (22) ag + (238) ag + (24) ag + (25) a; + (26) ag, 
&C:, 

f= (61) a + (62) a3 + (63) an + (64) a, + (65) a5 + (66) an 


It is now easy to show that there are six screws which coincide 
with their corresponding screws; for if 8, = pa,, Bz = pas, &c., we ob- 
tain an equation of the sixth degree for the determination of p. We 
therefore have the following result :— 


In two homographic screw systems six screws can be found, each of 
which regarded as a screw in either system coincides with its correspondent 
in the other system. 


In two homographic rows of points we have the anharmonic ratio 
of any four points equal to that of their correspondents. In the case 
of two homographic screw systems we have a set of eight screws in 
one of the systems specially related to the corresponding eight screws 
in the other system. 

We first remark that, given seven pairs of corresponding screws 
in the two systems, then the screw corresponding to any other 
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given screw is determined. For from the six equations just written 
by substitution of known values of a, . . . ag and f, . . . 2, we can 
deduce six equations between (11), (12), &c. As, however, the co-or- 
dinates are homogeneous and their ratios are alone involved, we can 
only use the ratios of the equations so that each pair of screws gives 
five relations between the 36 quantities (11), (12), &c. The seven 
pairs thus give 35 relations which suffice to determine linearly the 
ratios of the coefficients. The screw corresponding to any other 
screw a is completely determined; we have therefore proved that— 


When seven corresponding pairs of screws are given, the two homogra- 
phic screw systems are completely determined. 


A perfectly general way of conceiving two homographic screw 
systems may be thus stated:—Decompose a wrench of given intensity on 
a screw a into wrenches on six arbitrary screws. Multiply the inten- 
sity of each of the six component wrenches by an arbitrary constant ; 
coustruct the wrench on the screw 8 which is the resultant of the 
six components thus modified ; then as a moves into every position in 
space, and has every fluctuation in pitch, so will £ trace out the homo- 
graphic screw system: 

It is easily seen that in this statement we might have spoken of 
twist velocities instead of wrenches. 

The seven pairs of screws of which the two systems are defined 
cannot be always chosen arbitrarily. If, for example, three of the 
screws were co-cylindroidal, then the three corresponding screws 
must also be co-cylindroidal, and can only be chosen arbitrarily subject 
to this imperative restriction. More generally we shall now prove ~ 
that if any m +1 screws belong to an n-system (Screws, p. 38), then 
the x + 1 corresponding screws will also belong to an n-system. 
If x + 1 screws belong to an m-system it will always be possible to 
determine the intensities of certain wrenches on the x + 1 screws 
which when compounded together will equilibrate. The conditions 
that this shall be possible are easily expressed. Take, for example, 
n= 38, andsuppose that the four screws a, 8, y, 6 are such that suitable 
wrenches on them, or twist velocities about them, neutralize. It is 
then obvious (see Screws, ch. V.) that each of the determinants must 
vanish which is formed by taking four columns from the expression— 


aj, a2, a3, a4, a55 G65 
B Bo, Bs, Bs, Bs, Be 


Yo Y2 Y39 V4 Y» Ye 
b1, be, 83, 8s, 855 bs 3 


but it is easy to see that these determinants will equally vanish for the 
corresponding screws in the homographic system ; for if we take for 


202 
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reference the six common screws of the two systems, then we have at 
once for the co-ordinates of the screw corresponding to a— 


(11)a,, (22)0, (83)a,, (44)a,  (55)a;, (66) ag. 


When these substitutions are made in the determinants it is obvious. 
that they still vanish ; we hence have the important result that 


The screws corresponding homographically to the screws of an n-system 
form another n-system. 


Thus to the screws on a cylindroid will correspond the screws on 
a cylindroid. It is, however, important to notice that two reciprocal 
screws have not in general two reciprocal screws for their correspon- 
dents. We thus see that while two reciprocal screw systems of the x” 
and (6 — nv) orders respectively have as correspondents systems of 
the same orders, yet that their connexion as reciprocals is divorced a 
the homographic transformation. 

Reciprocity is not therefore an invariantive attribute of screws or 
screw systems. There are, however, certain functions of eight screws 
analogous to anharmonic ratios which are invariants. These functions 
are of considerable interest, and they are not without physical signifi- 
cance. 

We have already (Serews, p. 163) discussed the important function 
of six screws which is called the Seziant. This function is most 
concisely written as the determinant (a, ®2 y; 3: ¢; &) where a, B, y, 
5, «, &, are the screws. Im Sylvester’s language we may speak of 
the six screws as being in ¢nvolution when their sexiant vanishes. 
Under these circumstances six wrenches on the six screws can 
equilibrate; the six screws all belong to a 5-system, and they 
possess one common reciprocal. In the case of eight screws we 
may use a very concise notation; thus 12 will denote the sexiant of the 
six screws obtained by leaving out screws 1 and 2. It will now be 
easy to show that functions of the following form are invariants :— 


130 24% 


It is in the first place obvious that as the co-ordinates of each screw 
enter to the same degree in the numerator and the denominator, no 
embarrassment can arise from the arbitrary common factor with which 
the six co-ordinates of each screw may be affected. In the second 
place it is plain that if we replace each of the co-ordinates by those of 
the corresponding screw, the function will still remain unaltered, as all 
the factors (11), (22), &c., will divide out. We thus see that the 
function just written will be absolutely unaltered when each screw is 
changed into its corresponding screw. 
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By the aid of these invariant functions it is easy, when seven pairs 
of screws are given, to construct the screw corresponding to any given 
eighth screw. We may solve this problem in various ways. One of 
the simplest will be to write the five invariants 


? —— 
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These can be all computed from the given eight screws of one system; 
hence we have five linear equations to determine the ratios of the 
coefficients of the required eighth screw of the other system. 

It would seem that of all the invariants of eight screws, five alone 
can be independent. These five invariants are attributes of the eight- 
serew system, in the same way that the anharmonic ratio is an attri- 
bute of four collinear points. The curious inquirer may be tempted 
to speculate on the analogy between a group of eight screws which 
satisfy one or more of the conditions 


Wc 


A ie), Oe = 


wo 


and a row of four points, whereof two cut the other pair harmo- 
nically. 

The invariants are also very easily deduced by considerations of a 
mechanical nature. It is not hard to conceive that to a dyname on 
one screw corresponds a dyname on the corresponding screw, and that 
the ratio of the intensities of the two dynames is to be independent 
of their intensities. We may take a particular case to illustrate the 
argument :—Suppose a free rigid body to be at rest. If that body be 
acted upon by an impulsive system of forces, those forces will consti- 
tute a wrench on a certain screw a. In consequence of these forces 
the body will commence to move, and its instantaneous motion cannot 
be different from a twist velocity about some other screw B. To one 
serew a will correspond one screw f, and (since the body is perfectly 
free) to one screw f will correspond one screw a. It follows, from 
the definition of homography, that as a moves over every screw in 
space, 6 will trace out an homographic system. ... From the laws of 
motion it will follow, that if /’ be the intensity of the impulsive 
wrench, and if V be the twist velocity which that wrench evokes, 
then #' = V will be independent of /' and V, though, of course, it is 
not independent of the actual position of a and f. 

It is known (Screws, p. 171) that when seven wrenches equilibrate 
(or when seven twist velocities neutralize), the intensity of the wrench 
(or the twist velocity) on any one screw must be proportional to the 
sexiant of the six non-corresponding screws. 
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Let Fis, Fes, &e., F53 be the intensities of seven impulsive wrenches- 


on the screws 1, 2, .. . 7, which equilibrate, then we must have 
Fig = Fog = &e a3 Fig 
18 28 78 


Similarly, by omitting the first screw, we can have seven impulsive 
wrenches which equilibrate, where 


Is Tike Ligh Fig | 


oe, ae ) THiS 


hence we have 


Let the instantaneous twist velocity corresponding to Fs be de- 
noted by Vys, then, as when seven wrenches equilibrate, the seven 
corresponding twist velocities must also equilibrate, we must have in 
the corresponding system, 


But we must have the twist velocity proportional to the impulsive 
intensity ; hence, from the second pair of screws we have 

Fg: Vog 2: Pye: Vie, 
and from the third pair, 


JR WEISS THR ON /xe 


hence we deduce 
Vin Vig Fig. Fag 


7 = 5] 
Vis Vos Fig Pes 


and, consequently, the function of the eight impulsive screws, 


must be identical with the same function of the instantaneous screws. 

It should, however, be remarked, that the impulsive and instan- 
taneous screws do not exhibit the most general type of two homogra- 
phic systems. A more special type of homography, and one of very 
great interest, characterizes the two sets of screws referred to. As 


Batt—On Homographic Screw Systems. 44] 


this special type is also of importance for other kinetic problems, it 
will be desirable to examine into its general character. 

If the general linear transformation, which changes each screw a 
into its correspondent 6, be specialized by the restriction that the 
co-ordinates of @ are given by the equations 


where U is any homogeneous function of the second order in a, . . . ag, 
and where p,, . . . y, are the pitches of the screws of reference, then 
the two systems are related by the special type of homography to 
which I have referred. 

The fundamental property of the two special homographic systems 
is thus stated :— 


Let a and B be any two screws, and let 0 and > be their correspon- 
dents, then, when a is reciprocal to p, B will be reciprocal to 0. 


We may, without loss of generality, assume that the screws of re- 
ference are co-reciprocal, and in this case the condition that 6 and 6 
shall be co-reciprocal is 


Di P18, + p2B202—...+ pec = 9; 
but by substituting for 6, ... 4, this condition reduces to 


dU dU 
Pile rman lee eS a AO 


Similarly, the condition that a and ¢ shall be reciprocal is 


aU fh i aU 
Sao oo AEG SS S 
dp, ° dBe 
It is obvious that as Yis an homogeneous function of the second de- 
gree, these two conditions are identical, and the required property has 
been proved. 

It is easily shown that by suitable choice of the screws of reference 
the function YU may, in various ways, be reduced to the sum of six 
square terms. We now proceed to show that this reduction is pos- 


Oy 
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sible in one way, while still retaining six co-reciprocals for the serews 
of reference. 


The pitch p, of the screw a is given by the equation (Screws, 
p. 35) 
Da = pray +... + pea”: 


the six screws of reference being co-reciprocals, the function p, must 
retain the same form after the transformation of the axes. The dis- 
eriminant of the function 


O+ Mpa 


equated to zero will give six values of A; these values of A will de- 
termine the coefficients of U in the required form. I do not, however, 
enter further into the discussion of this question, which belongs to the 
general theory of linear transformations. 

The transformation having been effected, an important result is 
immediately deduced. Let the transformed equation be denoted by 


(11) aie Fo 0-0 4F (66) ag = 0, 
then we have 


i) 
By = Dp (11) Qj, 


1 
Bs = — (66) ag; 
: mk d 


whence it appears that the six screws of reference are the common 
screws of the two systems. We thus find that in this special case of 
homography 


The six common screws of the two systems are co-reciprocal. 


It is proved (Screws, p. 48) that the correspondence between im- 
pulsive screws and instantaneous screws is of the type here referred 
to. The six common screws of the two systems are therefore what we 
have called the principal screws of inertia, and they are co-reciprocal. 

The special circumstances under which a screw a has the same cor- 
respondent, whichever of the two systems a be regarded as belonging 
to, demands afew words. If we take the six common screws of the 
two systems as the screws of reference, then the condition stated can 
only be fulfilled when the relation has the form 


fi = + a, 
[ine t Qe. 
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For example, if 


+ 1, + G2, + G3, F O4, se O55 + as 
be the co-ordinates of one screw, and if 
= Whig ae Ghy ar Ghana Gh ar Op an Oe 


be the corresponding screw, then the two systems will fulfil the re- 
quired condition. We thus have a kind of screw involution analogous 
to what is known as the relation of involution between the rows of 
points on the same line. 

Ii we add the further restriction, that the six common screws are 
co-reciprocal, the homography is then of a very special type. The 
pitch of each screw, 


nore Pa | te Dea, 
is equal to that of the corresponding screw, and the virtual coefficient, 


po By claeh oils + pe ag Pe, 


of two screws is equal to that of the two corresponding screws. In 
the particular case, when the virtual coefficient is zero, we see that 
if two screws be reciprocal, so are also the two corresponding screws. 
The angle ¢ between two screws is, however, not preserved; for, as 
shown elsewhere, ! 


cos d = Sa, B, +3 (a, Be ate a, 2) hyo, 


when ,, is the cosine of the angle between the two screws of refe- 
rence, 1 and 2. Cos ¢@ is thus altered when the signs of a, and f, are 
changed. It is also evident that the perpendicular distance d between 
the two screws is altered, for the virtual coefficient is 


(Pa + Pa) cosh —d sin ¢. 


We have seen that this function, as well as py, and pg, remain un- 
altered; hence, since ¢ is changed, we must also have d changed. I 
have not hitherto seen any instance in which this highly specialized 
form of homography is presented in a physical question. 

There is a form of correspondence, very frequently of importance, 
which must new be considered in detail. For the sake of illustration, 
suppose a body which is at rest, and which has two degrees of free- 
dom, be struck by any impulsive system of forces. These forces may 
constitute a wrench of any pitch, and anywhere, yet the movement 


1 Transactions of this Academy, vol. xxv. p. 306. 
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which the body can accept is limited, and the body can, indeed, only 
twist about one of the singly infinite number of screws which consti- 
tute a cylindroid. To any screw in space will correspond one screw 
on the cylindroid. But will it be correct to say, that to one screw on the 
cylindroid corresponds one screw in space? The fact is, that there 
are a quadruply infinite number of screws, an impulsive wrench on 
any one of which will make the body choose the same screw on the 
eylindroid for its instantaneous movement. The relation of this qua- 
druply infinite group is well known in the Theory of Screws. It is 
shown (Screws, p. 110) that, given a screw a on the cylindroid, there 
is one screw @ on the cylindroid, an impulsive wrench on which will 
make the body commence to twist about a. It is further shown that 
any screw whatever which fulfils the single condition of being reci- 
procal to a single specified screw on the cylindroid possesses the same 
property. The screws thus form a 5-system. The correspondence 
at present before us is therefore to be thus stated— 


To one screw in space corresponds one screw on the cylindroid, and to 
one screw on the cylindroid corresponds a 5-system im space. 


We may look at the matter in a more general manner. Consider 
an m-system (4) of screws, and an n-system (8) (m>n). If we make 
m= 6 and n= 2, this system includes the system we have been just 
discussing. To one screw in 4 will correspond one screw in B, but 
to one screw in & will correspond, not a single screw in 4, but an 
(m + 1— 2) system of screws. 

If m =n, we find that one screw of one system corresponds to one 
screw of the other system. Thus, if m=n=2, we have a pair of 
cylindroids, and one screw on one cylindroid corresponds to one screw 
on the other. A set of four screws on a cylindroid, being all parallel 
to a plane, we may speak of the anharmonic ratio of four co-cylin- 
droidal screws, and we obtain the result that it is equal to the anhar- 
monic ratio of the four corresponding screws (Serews, p. 106). If 
m=8, and n=2, we see that to each screw on the cylindroid will cor- 
respond a whole cylindroid of screws belonging to the 3-system. For 
example, if a body have freedom of the second order, a whole cylin- 
droid full of screws can always be chosen from any 3-system, an im- 
pulsive wrench on any one of which will make the body commence to: 
twist about the given screw. 

The property of the screws common to the two homographic 
systems will of course require some modification when we are only 
considering an m-system and an m-system. Let us take the case of a 
3-system on the one hand, and a 6-system, or all the screws in space, 
on the other hand. To each screw a of the 3-system 4 must corre- 
spond, a 4-system, Bin space. The screws of this 4-system are in 
such profusion, that a whole cone full of them can be drawn through 
every point in space. Amid this multitude it is most interesting to 
note that one screw 6 can be found, which, besides belonging to B, 
belongs also to 4. Take any two screws reciprocal to 4, and any 


Batt—On Homographie Screw Systems. 445 


three screws reciprocal to A, then the single screw f, which is reci- 
procal to the five screws thus found, belongs to both 4 and B. We 
thus see that to each screw a of A, one corresponding screw in the same 
system can be determined. The result just arrived at can be similarly 
shown generally, and thus we find that when every screw in space 
corresponds to ascrew of an z-system, then each screw of the n-system 
will correspond to a (7—) system, and among the screws of this 
system one can always be found which lies on the original n-system. 

As a mechanical illustration of this result we may refer to the 
theorem, that if a rigid body has freedom of the n™ order, then, no 
matter what be the system of forces which act upon it, we may always 
combine the resultant wrench with certain reactions of the constraints, 
so as to produce a wrench on a screw of the n-system which defines the 
freedom of the body, and this wrench will be dynamically equivalent 
to the given system of forces. 

It is easy to state the matter analytically, and for convenience we 
shall take a 3-system, though it will be obvious that the process is 
quite general. 

Of the six screws of reference, let three screws be chosen on the 
3-system, then the co-ordinates of any screw on that system will be 
Q, G, a3, the other three co-ordinates being equal to zero. The co- 
ordinates of the corresponding screw @ must be indeterminate, for 
any screw of a 4-system will correspond to 8. This provision is 
secured by (1, 6;, 8, remaining quite arbitrary, while we have for 
Bi, Bz, Bz the definite values, 


B, = (11) a + (12) a + (18) ay, 
2 = (21) a + (22) a, + (23) oy, 
a= Clicn (G2) an eeesyiax 


If we take 6,, 6;, B., all zero, then the values of f;, B2, B3, just 
written, give the co-ordinates of the special screw belonging to the 
3-system, which is among those which correspond to a. 

As a moves on the 3-system, so will the other screw of that 
system which corresponds thereto. There will, however, be three 
cases In which the two screws coincide; these are found at once by 
making 

Bi=pu; PB2=pa; Bs =pas, 


whence we obtain a cubic for p. 

It is thus seen that generally m screws can be found on an n-system, 
so that each screw shall coincide with its correspondent. As a dyna- 
mical illustration we may give the important theorem, that when a 
rigid body has » degrees of freedom, then » screws can always be 
found, about any of which the body will commence to twist when it 
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receives an impulsive wrench on the same screw. These screws are the 
principal screws of inertia. 

We have already seen the anharmonic equality between four screws 
on a cylindroid, and the four corresponding screws; we have also 
shown a sort of guasi anharmonic equality between any eight screws 
in space and their correspondents. More generally, any ” + 2 screws 
of an m-system are connected with their x + 2 correspondents, by re- 
lations which are analogous to anharmonic properties. The inva- 
riants are not generally so simple as in the 8-screw case, but we may 
state them, at all events, for the case of n = 3. 

Five screws belonging to a 3-system, and their five correspondents 
are so related, that, given nine of them, the tenth is immediately de- 
termined ; for this two data are required, that being the number re- 
quired to specify a screw already known to belong to a given 3-system. 

We may, as before, denote by 12 the condition that the screws 
3, 4, 5 shall be co-cylindroidal. This, indeed, requires no less than 
four distinct conditions, yet, as pointed out (Serews, p. 44), functions 
can be found whose evanescence will supply all that is necessary. Nor 
need this cause any surprise, when it is remembered that the evanes- 
cence of the sine of an angle between two lines contains the two 
conditions necessary that the direction cosines are identical. The 
function 


can then be shown to be an invariant which retains its value unaltered 
when we pass from one set of five screws in a 3-system to the corre- 
sponding set in the other system. When two invariants are known, 
the required screw is determined. 
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LXVI. Report on THE CLEARING OF Praty Warers. Part I. By 
Gerrarp A. KINAHAN. 


[Read, May 9th, 1881.] 


Introduction. 


In the spring of 1880 Professor Hartley, F.R.S.E., suggested that I 
should make certain experiments on peaty waters, as he had observed 
that some peaty streams become rapidly decolourized, while others 
flow for considerable distances without undergoing any alteration. 
Besides furnishing me with some observations and the results of 
some experiments he had made, he desired me to direct my attention 
specially to the action of clays, and the more commonly occurring 
lime salts, in order to determine whether they or natural oxidation 
of the peaty matter played the more important part in the decolouriz- 
ing of peaty streams. 

Professor Hartley had remarked that along the course of the River 
Affaric, in Invernesshire, flowing from Loch Affaric through Loch Bene- 
vian to join the River Glass, a distance of about six miles over a hard 
rocky bed (quartzite, micaceous schist, and basalt), no alteration in 
the colour of the water was detected, though for three weeks while 
the observations were carried on no rain fell, and there was abundance 
of sunshine, the stream being frequently lashed into foam along its 
course. 

He found that peaty waters can be partially purified by an 
admixture of hard water of about 26° of hardness on Clarke’s 
scale. Also that when a mixture of hard water and soft peaty water 
was softened by adding lime water, the calcic carbonate carried down 
much peaty colouring matter, the purification being more effectual 
than in the last case. | 

He ascertained also that about two to three grains of sulphate of 
alumina were sufficient to decolourize ten gallons of darkish peaty 
water, the dark brown matter settling down in about twenty-four 
hours. From this it might be anticipated, as was actually proved by 
experiment, that certain clays, when mixed with the water, would 
have a similar effect. 

Professor Hartley also remarks that Mr. J. Y. Buchanan, late of 
the scientific staff of the Challenger, has found that the water at the 
bottom of some of the Highland Lochs is colourless, while the sur- 
face water is peaty; the material at the bottom being blue or white 
clay. One particular instance of this occurs at Loch Ness, in places 
where the water is from 50 to 110 fathoms deep. 

In this Report I propose to give, first, the field notes made on 
streams in the Ovoca river basin, with the results of some of my 
laboratory experiments suggested by these observations, to which are 
added some notes on the inferences to be drawn from both. 
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The experiments in the laboratory were carried on, more or less 
simultaneously with the observations in the field on peaty streams ; 
notes on the latter being supplemented by experiments in the former. 


Observations on Peaty Streams. 


These observations were made almost solely on the waters of the 
Ovoca river basin, and principally on those of its tributaries, the Ow 
and the Avonbeg. 

The rocks occurring in this basin are granite, clay slate more or 
less metamorphosed, with a few thin bands of limestone, and patches 
of eruptive rocks. The superficial coverings to these are the drifts, 
whether glacial, which may have been transported from some dis- 
tance, and contain foreign substances; or meteoric, due to the 
disintegration of the underlying rocks; gravels, occurring principally 
in the valleys; and peat, found on the mountain slopes and in some 
places in the valleys. 

From this it would appear that in this river basin for the most 
part there is an absence of rocks yielding carbonate of lime, or lime 
salts; the sources from which these might be derived being the few 
fragments of limestone in the glacial drifts, the marls, which are rare, 
the few bands of limestone scattered through the slates, and the erup- 
tive ashes containing crystallized calcite. 

Thus the waters of this district may be classified generally as very 
soft waters, with a few small local exceptions. 

Along the main streams (Ow and Avonbeg), the depth of tint of 
the colouring varied greatly, from local causes such as the state of 
a tributary; but in a few cases the variations are, as yet, inexplicable. 
The most satisfactory results were not, therefore, obtained from these 
larger streams, but from their tributaries; and of these, one of the 
most interesting and instructive is the Ballynagappoge brook. 

It had been noticed that, as arule, in any peaty stream the waters 
were more darkly coloured at the head waters than anywhere lower 
down; therefore, when examining the variations in the amount of 
colouring along the course of a stream, the method usually adopted 
was as follows:—Starting from the head with a sample of the water, we 
proceeded down stream, till some alteration in the state of the stream 
occurred; this might be due to the junction with another stream, or an 
alteration in the river bed, such as a marked change in the rate of 
fall, or the occurrence of clay or gravel. Here a second sample of 
water was taken, and compared with the first, by placing both side by 
side in two similar tumblers on a white surface, the differences in 
depth of tint being then noted; proceeding down stream with these two 
samples, the next comparison was made where the next remarkable 
change took place; if the depth in tint here was very different from the 
last, the second sample was discarded, and this third carried down for 
comparison at the next point of observation, the first, or the sample 
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taken at the head waters, being always retained for comparison along 
the course, but more particularly with a sample taken where the 
stream joined the main river. In the small brooks or tributaries the 
waters cleared going down stream, but in the larger rivers very 
irregular changes often occur, their waters being affected by the cha- 
racter of each of the tributaries. 

The thickness of the stratum examined in the tumblers was about 
42 inches; which was found sufficient for all purposes in the field, as a 
very slight alteration in the colour could be detected; but for more 
detailed and accurate purposes in the laboratory a thicker stratum is 
desirable. 

In these peaty waters there appear to be two distinct colouring 
matters, one producing a brown of various degrees of intensity, the 
other an olive-green;' the mixture of the two colouring matters in 
proper proportion produces a brown-green, but as a general rule the 
former obscures the latter. 3 

It may be here pointed out that no correct estimate of the altera- 
tions in the depth of tint of peaty colouring matter that take place 
along the course of a stream can be formed by only looking at the 
waters in the stream; because the thickness of the stratum of water 
looked at, 2. ¢. the depth of the river, may change, and the bottom 
of the river may be variously coloured: some marked changes, however, 
may be detected by observing the difference in the colour of the foam 
that forms at the ditferent small falls along a stream. 

By the method as sketched out above, the principal tributaries belong- 
ing to the Ow and Avonbeg were carefully examined from their head 
waters to their junction with the main rivers, and their effect on 
each main river, if any, was noted. This was done by comparing a 
sample taken from the main river just above where it was joined by 
the tributary, with one taken below the first fall or rapid that oc- 
-curred after their junction, where their waters would be well mixed. 

The examination of the streams was repeated during different 
stages of flood, and different seasons of the year. It appears that, as 
a rule, the streams are more peaty in summer than in winter ; and that 
after continuous dry weather the peaty matter is much reduced. During 
cold frosty weather, or when there is snow on the mountains, very 
little peaty colouring is found in the streams. 

The Ballynagappoge brook, which drains the N.W. slope of Croagh- 
anmoira and discharges into the Ow, affords, as previously pointed out, 
much instruction. When examined during the summer it was found at 
its head waters to be of a deep brown, but when it joined the Ow 
aiter a flow of about 14 miles with a fall of about 500 feet it had become 
quite clear and limpid; all its feeders are peaty, except a small one 
that enters it below Rosahane-bridge after the principal decolourization 
has taken place. Tnis brook therefore’ may be described in detail. 


1 find that Dr. Tidy states (Chem. Soc. Jour., 1880, p. 293), that the brown 
colour is due to old peat, the olive-green to more recent peaty matter. 
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The head waters above Ballynagappoge bridge are deeply tinted 
with peaty colouring matter; the bed of the stream here is marshy, 
with a slaty rock appearing in places; below the bridge there is more 
rock, less marsh, while a little gravelly clay appears in places; some 
distance down, the stream is joined by another of about equal size and 
about equally coloured, but which has been flowing along a somewhat 
gravelly bed. Just before its junction with this stream the brook had 
not so deep a colour as it had at Ballynagappoge bridge. The united 
streams wash against the foot of a blue clayey cliff, from which a con- 
siderable quantity of clay is evidently removed during flood time; 
below this cliff the bed of the stream is composed of a bare slaty rock 
with very little gravel resting upon it; the depth of tint of the water 


gradually but very slowly becomes reduced along this part of the course. 


Here the stream flows rapidly and forms a succession of little falls; 
this rocky bed, with its rapid fall, giving place at about 500 yards 
above Rosahane bridge to a clayey and gravelly bed with a reduced 
rate of fall. Between the point where this change occurs and the 
bridge the peaty colouring in the stream, which was considerable, is 
reduced to a mere trace, while a short distance below the bridge it is 
completely removed. Along this portion of the stream, just abeve the 


bridge, where the fall is slight, there are several marshy places. 
from which iron-stained waters flow into the brook; this staining is. 


due to the waters containing some ferrous salt (probably ferrous car- 
bonate) in solution, which, on contact with the air, is decomposed or 
oxidized, depositing ferric hydrate or ochre. On the stones and in the 
pools about this part of the stream there is a dark brownish deposit ; 
some of this was collected with the surrounding water, which had a slight 
peaty tinge. On standing, this water gave a yellow ferruginous pre- 
cipitate, the water becoming most beautifully clear and limpid. It 
was found that the sediment collected consisted of a little sand and 
clay, with iron, alumina, magnesia, a little manganese and organic 
matter. 


These iron springs appear to be the agents that, to a great extent,. 


clear the waters ; for although in all probability, clays in suspension, 
or the very small quantity of soluble matter that is dissolved out of 
them, will carry down a large amount of peaty colouring matter, yet, 
except when present in very large proportion, they seem incapable of 
decolourizing the waters completely. 

The ferrous salts in these waters are probably derived from the 
reduction, by decomposing organic matter, of the ferric salts contained 
in the underlying rocks and clays. 

The decolourizing of the waters of this brook is evidently not due 
to the direct oxidation of the peaty matter; nor is the diminution of 
the depth of tint due to dilution. In this stream it so happens that, 
where the fall is greatest, there the clearing of the water is least. 

During December, 1880, it was remarked that the main rivers con- 
tained very little peaty colouring matter in them; about this time there 
had been slight frosts in the valleys, but upon the mountains there was. 
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snow. On visiting the Ballynagappoge brook it was found that the 
waters were quite colourless and clear. Up to the head waters above 
Ballynagappoge-bridge no peaty colouring matter could be detected ; 
the snow did not reach as low as this bridge. 

It should be mentioned that though in cold weather little peaty 
colouring matter is in the streams, yet in the bog-holes (turf-holes) the 
water is quite brown. 

The Carawaystick brook may be next described, as it is an example 
of a different class. Along its course very little diminution of the peaty 
tint occurs, though there is every facility for oxidation; the brook 
descending a height of about 1200 feet in a flow of less than two 
moles. | 

This brook flows from Kelly’s lough, a small sheet of peaty water 
about eight acres in extent, on the S8.E. slope of Lugnaquilla at an eleva- 
tion of about 1700 feet above the sea. On the 8.W. of the lough 
there is a granite cliff; the brook leaves the lough at the N.E. corner, 
flowing through the remains of an ancient glacial moraine in a north- 
westerly direction, for over a mile, with a slight inclination, then for 
the rest of its course (about half a mile) it descends a height of 700 feet 
(calculated by aneroid) over a bed composed of granite and schist, by a 
succession of falls and rapids, the waters being lashed into foam down 
nearly all that part of its course. From a comparison of samples 
taken both above and below the falls, no difference could be detected 
in the depth of tint of the waters. 

During one of our visits, after there had been no rain for three or 
four days, it was remarked that the waters were not nearly so deeply 
coloured as on a previous visit, when showers were falling on the 
mountains. On this occasion, before ascending, a sample of water 
was taken at the foot of the falls, then about a cubic yard of a sandy 
clay was put into the stream above the fall, rendering it very turbid ; 
then taking a second sampie of water just above the turbidity, we 
descended to where the first had been taken from, and here after the 
turbid water had been flowing for some little time a third sample was 
taken. On comparing the samples subsequently, after the turbidity 
in No. 3 had completely subsided, this sample was darkest, while there 
’ was no apparent difference in tint between Nos. 1 and 2. 

Along the Avonbeg the changes that occur are irregular, although 
on the whole there is a diminution in the depth of tint as we descend 
to the ‘‘Meeting of the Waters.” Here it is joined by the Avonmore, 
and in a sample from this latter river, taken here in May, 1880, a 
small quantity of lead (0-028 parts per 100,000) was detected. 

The united Rivers Avonmore and Avonbeg form the Ovoca, which 
a short distance down receives the waters from the Ovoca mines ; first 
on its east or left bank, from the mines of Tigroney, Cronebane, and 
Connary ; these containing ferrous sulphate, and sulphate of alumina 
in comparatively large proportions, with smaller quantities of other 
salts, as sulphate of copper, and arsenic. Lower down the river, 
coming in from the west or right bank, is the drainage of the Bally- 
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murtagh and Ballygahan mines. In a sample of water taken at the 
tail of the Landers, a litre of water was found to contain 0°81 grammes 
ferrous sulphate, and 0°78 grammes sulphate of alumina (equivalent 
to 56°8 grains ferrous sulphate, and 54°7 grains sulphate of alumina, 
per gallon), besides small quantities of arsenic and sulphate of cop- 
er, &e. 

; A sample of water taken from the Ovoca river, below, or after it 
had received these mineral waters, was very peaty when collected, 
and slightly turbid, but on standing some time a brown precipitate 
settled, with a considerable reduction of the tint; on another occasion, 
when the river was not so deeply tinted, by allowing a sample to settle 
for a time, the peaty colourimg was completely removed, and in the 
laboratory about five cc. of the Ballygahan water cleared 250 cc. of a 
very peaty water; a dark brown precipitate first settling down, then 
a yellowish precipitate of ochre. 

All along the Ovoca river, from the mines to its mouth in Arklow 
harbour, there is a ferruginous ochre deposited in the pools and on 
the stones; this being probably due to the ferrous salts in the waters 
becoming oxidised, this precipitation being accompanied by a consider- 
able reduction of the peaty colouring matter in the river. A sample 
of water taken from the river below the place where this mine drainage 
enters is always found to contain a very finely divided precipitate of 
ochre which shortly settles out. 

Though the Ovoca river is usually peaty, particularly during flood, 
it was remarked that in frosty weather, and when there was snow on 
the mountains, the peaty colouring was much reduced, and often 
entirely removed; the same was noticeable after a long continued 
drought, the river running perfectly colourless above the mines. 


Experiments with Peaty Waters. 


These experiments, commenced in the spring of 1880, and carried on 
under the direction of Professor Hartley, F.R.S.E., in his laboratory 
at the Royal College of Science for Ireland, had for their object the 
determination of the agents that may effect the decolourisation of peaty 
waters, more especially of those that actually effect it in nature. 

As clays occur in some form or other along the beds and banks 
of most streams, and as during floods they become suspended in the 
waters to a greater or less extent, some of the first experiments were 
made with such clays. 

Specimens were obtained, principally from the County Wicklow, 
of disintegrating argillaceous recks and clays ; many of these, however, 
were subsequently rejected, as it was found that they contained organic 
matter sufficient to discolour the water and obscure their action on the 
peaty colouring matter in it. 

In each experimenta measured quantity of water was Shaken up with 
a weighed quantity of clay, then left to allow the substances in suspen- 
sion to subside. When the water had cleared, a portion was decanted 
off and placed in a tall narrow cylinder; in some of the experiments 
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the cylinder used was 6 inehes high, in others 18 inches; this vessel 
of the sample experimented on was compared, on a white surface, 
with a precisely similar vessel of the same water, which had been 
previously freed from peaty colouring matter by mixing withit a large 
enough quantity of clay. By so treating any peaty water it was 
found that the peaty colouring matter could be completely removed, 
provided only sufficient clay were added. 


Specimen A.—This is a fine cream-coloured clay from the foot wall 
of the gossan (iron ore) of the Ballymurtagh North sulphur lode, of 
which it forms the “selvage.’’ Scattered through it is a small 
quantity of fragments of iron pyrites and milk quartz; with water it 
yields a clear solution, having an acid reaction, and containing a small 
percentage of ferrous sulphate and sulphate of alumina. 


Insoluble in hydrochloric. acid, 92°51 per cent. 
Ferric oxide, 2°35 per cent. 
Alumina, 2°43 per cent. 


It was found to be a most efficient decolouriser of peaty waters. 

When added to peaty water, the greater portion settled down almost 
immediately, but the very fine particles remained in suspension for a 
considerable time ; when these had subsided, if sufficient clay had been 
used, the water was very clear; the top layer of the sediment being 
brown, as if the colouring matter had been carried down in it. 

Tf an insufficient quantity of this clay were added to the water, 
several different stages were to be noted. 

A very small quantity of clay altered the colour from a brown to 
a brown-green, and on adding a little more clay the colour altered to 
an olive-green. When more clay was added, but not sufficient to clear 
the water, a peculiar turbidity or cloudiness formed, which remained 
persistent, and did not appear to decrease on filtering. When this 
turbidity was removed by adding more clay, the water was freed from 
peaty colouring matter. 

With the specimen of peaty water used in these experiments it 
was found that working with 1000 cc. of water not very darkly 
coloured, 1 gramme of clay brought on the brown-green stage; 1°5 
grammes of clay the olive-green; 2°5 grammes produced a persistent 
turbidity; and that 4 grammes removed the cloudiness and the peaty 
colouring. 

In order to determine what the active ingredient in this clay might 
be, some of it was digested in hydrochloric acid; the insoluble portion 
after being well washed was found to have very little perceptible 
action on the peaty water. 

A strong aqueous solution of the clay was prepared (10 grammes 
of clay to 300 ce. of distilled water) ; this solution with a small quan- 
tity of the suspended particles was found to be capable of freeing the 
water from peaty colouring. After filtering the clay solution, it was 
found that the filtrate possessed the same property. 


2P2 
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From these two experiments it is evident that it was something 
dissolved out of the clay that acted on the peaty matter, and that the 
insoluble portion had very little to do with it. 

As on examining the clay solution it was found that it contained 
ferrous sulphate, a solution of ferrous sulphate was prepared ; and of 
this a few drops caused a peculiar turbidity to form, then a brown pre- 
cipitate settled to the bottom, and the water was found to be free 
from peaty colouring matter. 

Sulphuric acid, hydrochloric acid, and nitric acid were also found 
to precipitate the peaty colouring matter to some extent. 


Specimen B.—A disintegrated light yellow red steatitic shale, 
occurring in a dyke-like mass in the townland of Ballykillageer :— 

It yields with water a turbid yellowish liquid, which clears on 
standing, the suspended particles subsiding ; the solution is neutral to 
test paper, and none of the clay appears to be dissolved in it. 


Insoluble in hydrochloric acid, 78°28 per cent. 
Ferric oxide, 8:12 ns 
Alumina, 7°96 ss 
Manganese, trace. 


This specimen also cleared peaty waters of their colouring matter, 
though not so well as the last. When sufficient clay was added to 
entirely clear the water (25 grammes in 1000 cc.), the top layer of 
the sediment, which was-tormed of the fine particles that had remained 
longest in suspension, was more deeply coloured than the rest. 

When an insufficient quantity of clay was added to the peaty 
water, the changes were similar to those taking place with the last 
specimen, viz., an alteration of the brown colour to a deep olive- 
green; after which a cloudiness or turbidity appeared, but it dis- 
appeared when sufficient clay had been added. 

On digesting about 5-5 grammes of this clay with water, filtering 
and evaporating the filtrate to dryness, only a very minute inorganic 
residue is left, showing that there is very little soluble matter in the 
clay. 


Specimen H.—A )luish clay occurring in a cliff on the Ballyna- 
gappoge brook. During floods a considerable portion is washed into 
the stream, and it probably assists in the decolourising of the waters of 
this brook, as mentioned in the field notes, p. 450, supra. 


Digested with hydrochloric acid, it gives— 
Insoluble portion, 81°79 per cent. 
Ferric oxide, 6°72 cS 
Alumina, 6°47 a 
When mixed with peaty water it seems capable of removing the 
brown tint, but incapable of removing the greenish tinge; the water, 
however, remains slightly turbid. 
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When mixed with clear and colourless water it forms a very dirty 
turbid solution ; after some time this clears considerably, but the liquid 
always retains a peculiar turbidity, which is very like the turbidity 
produced in a peaty water when an insufficiency of the clearing agent 
has been added. It was found that the turbidity could be removed by 
adding a small quantity of the next specimen to be described. 

This blue clay seems to have been originally a red clay, very similar 
to that next mentioned (specimen J); its present condition being due to 
percolating peaty waters. _ This is inferred from the following observa- 
tions :—1st. A similar blue clay overlies specimen J, as seen in the banks 
along the Mucklagh brook, the passage from one to the other being 
gradual; red stones and patches of red clay are seen occurring in this 
overlying clay. 2nd. The residues left by both specimens, after digest- 
ing in hydrochloric acid, are alike. 8rd. The percentage of insoluble 
matter in specimen # is greater than in specimen J, the more 
soluble portions, iron and alumina, having been probably removed by 
percolating waters. 


Specimen I—A brick red clay from one of the tributaries of the 
Mucklagh brook, where it occurs under a blue clay like the last 
specimen, a gradual passage from one to the other being distinctly 
visible. It yields an insoluble residue similar to the last, but the 
percentage of soluble matter is greater. 


Insoluble in hydrochloric acid, 72°41 per eent. 
Ferric oxide, 9: 10 ae 
Alumina, Or41. PY;3 


It yields with water a perfectly clear solution when the fine 
particles have subsided ; which, however, is not for some considerable 
time. 

This specimen acts as a very efficient decolouriser of peaty waters. 
When mixed with a peaty water the fine particles remaining in sus- 
pension give the liquid a brick-red colour; when they subside the 
peaty water is found to be quite decolourised, if sufficient (about 

20 grammes to 1000 cc.) has been added. 
i With an insufficiency of clay the usual changes are observed. 


Specomen K.—A whitish sandy clay, from the banks of the Cara- 
waystick brook, where it occurs in an ancient moraine above the falls; 
it was some of this specimen that was mixed with the waters of this 
brook, as mentioned in the field notes, p. 451, supra. 


Insoluble in hydrochloric acid, 93°91 per cent. 
Ferric oxide, IEGOM ee, 
Alumina, DEALT i 


This specimen, even in large quantities, produces very little altera- 
tion in peaty water; when added, very little remains in suspension for 
any length of time. 
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Specimen N.—A growan, or disintegrating granite, from Augha- 
vannagh, Co. Wicklow. This rock occurs extensively in this district, 
underlying the peat. Deep channels are cut in it by the streams, 
which are not as peaty as might be expected, considering that they. 
drain extensive bogs. In this growan are large veins of massive quartz 
and feldspar, which more or less resist disintegration. 

The growan appears composed of quartz, and feldspar (the latter 
passing into kaolin, or china clay), with black and white mica. 


Insoluble in hydrochloric acid, 86°68 per cent. 
Ferric oxide, 3°80 
Alumina, 6°24 


3? 
3? 


This specimen at first seems to have very little effect on peaty 
waters, but, after remaining in the water some time, a layer of less 
darkly-coloured water was observed next to the clay. By repeatedly 
shaking up the clay and water, at long intervals, a marked reduction 
of peaty tint was observed in the water. 

Some of the feldspar, mentioned as occurring in large veins through 
this specimen, after being pulverised, was found to act very similarly ; a 
reduction of peaty tint only taking place after some time, and after. 
being repeatedly shaken up. This feldspar contains only a very small 
quantity of iron, is very hard, and little altered. 

In both the above cases, the top of the sediment at the bottom 
of the peaty water, after standing some time, becomes coated with a 
brownish substance. 

With respect to the ingredients of these clays that are the active 
agents in decolourising the peaty water, it was found by experiment 
that a pure quartzose sand, even when in very large quantities, had no 
perceptible effect on the colouring of the water. 

Pure gelatinous silica had likewise no effect. 

The portion of a clay that is insoluble in hydrochloric acid was found 
to have at first no action on peaty water; but after repeatedly shaking 
the two up together it was found that the depth of colour was slightly 
reduced. 

It was also found that freshly precipitated aluminic hydrate, ferric 
hydrate, and manganese oxy-hydrate precipitated the colouring matter 
rapidly and efficiently ; ; of these the alumina is by far the most active; 
next the iron, the manganese being considerably less efficient. 

The dry oxides of these metals were not found to be nearly so 
rapid in their action ; in the case of ferric oxide and manganese dioxide 
it was only after being shaken up repeatedly that any decrease in the 
tint could be noticed; when left at rest for a considerable time, the 
layer of water next the oxide became decolourised ; this extended gra- 
dually upwards, the surface of the oxide being coated with a brownish 
substance. This clearing of the bottom layer, and its gradual exten- 
sion upwards, was most marked when a little potassic bisulphate was 
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placed at the bottom of a vessel containing peaty water. There is a 
marked analogy between this layer of clear water at the bottom of the 
vessels, and that mentioned by Professor Hartley, as occurring at the 
bottom of some of the Scotch lakes. 

Magnesia was not found to affect the peaty colouring; pure car- 
bonate of lime has only a very slight effect on the peaty colouring ; 
pounded up chalk and limestone were found to reduce the tint slightly. 

A hard water has only a very slight effect on the peaty colouring ; 
but, on precipitating the carbonate of lime in the mixed waters, either 
by boiling or hy adding to it lime-water, a large quantity of the peaty 
colouring is removed. 

Lime-water added to a peaty water precipitates the peaty colouring. 

By mixing some fresh hydrate of alumina and water together, filter- 
ing the solution, and adding some of the filtered liquid to some peaty 
water, the colouring matter was precipitated. By similarly treating 
hydrates of iron and manganese no precipitation of peaty matter was 
obtained. 

In the field it was remarked that during frost, or when there was 
considerable snow in the drainage area of the river, the waters did not 
run nearly so peaty as at ordinary times, and often ran quite colour- 
less, and mountain streams which at other times were deeply tinted were 
under these circumstances perfectly clear. Therefore some peaty water 
was frozen in tall cylinders, and it was found that although the peaty 
colouring matter was not precipitated, yet the behaviour was interest- 
ing, as the colouring appeared to resist freezing. 

In such water, when the freezing took place gradually from above 
downwards, a layer of deeply coloured peaty water collected at the 
bottom, but the water resulting from the thawing of the small cylinder 
of ice was quite free from peaty colouring. When the freezing took 
place from the sides, a central core of darkly coloured peaty water 
collected. When the solidification took place rapidly, the darkly- 
coloured peaty water appeared enclosed in small patches through the 
block of ice, as though squeezed out of the freezing water, and concen- 
trated in these patches which did not seem to freeze. 

On freezing a cylinder of peaty water gradually from above down- 
* wards, then taking out the block of ice, leaving the layer of deeply 
coloured water at the bottom of the cylinder, refilling with peaty water 
and again freezing, and repeating this several times, a very small quan- 
tity of brown sediment settled down to the bottom. 

Boiling peaty water gently for some time does not precipitate the 
peaty colouring matter; before a boiling temperature is reached, bub- 
bles of gas escape from the liquid. 

The discolouration which results from boiling peat for some time 
with distilled water can be almost entirely removed by filtering; but by 
adding a littie ammonia to the water before warming, a large quantity 
of colouring matter becomes dissolved, giving the water a very dark 
colour. This colour is removed neither by filtering nor by boiling the 
water for a considerable time. 
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Conclusions from the preceding observations. 


From the preceding observations in the field and in the laboratory 
it may fairly be inferred that— 

Peaty colouring matter seems not to be removed by direct oxida- 
tion; this appears specially from the Carawaystick brook, where excep- 
tional facilities occur for oxidation, and no peaty tributaries enter along 
that portion of the stream where it is lashed into foam down a height 
of about 700 feet. 

Oxidation may play a certain part in precipitating peaty colouring 
matter, in so far that a ferrous salt, on becoming oxidised, carries down 
with it the peaty colouring matter; this appears to be an important 
factor in the decolourising of peaty streams; waters that are charged 
with ferrous carbonate flowing into them have the iron precipitated, 
the peaty colouring going down with it. 

Ferrous sulphate also acts as an efficient decolouriser, but its occur- 
rence must be comparatively rare; however, in the Ovoca river it plays 
an important part, and itis the most active agent in the clay specimen 4 ; 
in the other specimens experimented upon it is the combined oxides 
of iron and aluminum, with manganese to a less extent, that appear to 
be the active ingredients: what their action on the peaty colouring 
matter may be has not been determined, butin ordinary peaty water there 
seem to be at least two distinct colouring substances; the one gives to 
the water a brown tint, which is comparatively easily removed, the 
other, only to be remarked when the brown has disappeared, gives it a 
greenish hue, which it is difficult to get rid of. 

The peaty colouring is precipitated to a greater or less extent by 
either hydrochloric, nitric or sulphuric acids, more especially the 
last; it has also been found, as far as the experiments have gone, that 
salts having acid reactions act similarly, and some organic acids to a 
less extent. 

When these observations were commenced, it was not anticipated 
that frost or dry weather would have had much effect upon the peaty 
colouring of streams. Why such is the case seems somewhat difficult 
to explain, especially as the experiments in the laboratory seem to 
prove that the peaty colouring is not precipitated by freezing. 

After a long continuance of dry weather the waters in the streams 
and rivers are derived not from surface drainage but from springs, 7. é. 
underground drainage, where the waters have been stored in the pores 
of the rock, and slowly percolating through the joints and crevices ; 
any peaty matter these waters might have contained after percolating 
the overlying peat would probably be precipitated by the clayey 
matter contained in the joints of the rock. At the same time, any 
little drainage there might be from the peat probably collects in the 
holes that are always to be found; here the colouring becomes deepened, 
partly by evaporation of the water, but principally by dissolving out 
colouring matter from the surrounding peat. This may account for 
the reduction of tint observed after long continued dry weather. 
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In frosty weather the case is similar; the surface of the bogs is 
frozen, preventing the percolation of waters, and the water supply is 
often derived from melting snows; in one case it was observed that 
though a quantity of peaty water had collected behind a snowdrift, yet 
the water flowing from the other side of the drift was quite colourless. 

In wet weather the principal supply of water is derived from the 
surface and superficial accumulations ; that which flows from bogs and 
peaty ground is more or less tinted, as rain falling on these lands dis- 
places the water contained in the reservoirs of the bogs, ¢.e. the pores 
of the peat and the surface holes such as ‘‘ bog-holes,” ‘‘ turf-holes,” 
and mountain loughs: as these waters contain a large amount of dis- 
solved peaty matter, they flow into the streams deeply tinted. 

At the commencement of dry weather the reservoirs in connexion 
with the rivers, such as lakes and pools, contain peaty waters, and it 
is not until these have been altogether displaced by clear water from 
springs, &c., that the streams flowing therefrom run colourless. The 
larger, therefore, a river and its reservoirs are, the longer it takes to 
become perfectly colourless. 

Of the Shannon above Limerick, after the late long continued 
drought (March and April, 1881), there having been very little rain, 
and no floods for weeks, Captain King writes—‘‘we have had no floods 
for a long time, and the river is in its purest state, even its usual 
boggy appearance has taken flight.” 
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LXVII. — Report on An INVESTIGATION OF THE CHARACTER AND 
CHEMIcAL ConsTITUTION OF THE Fisre or THE Frax Prant. By 
F. Hopexs, Fellow Inst. C.F.C.S8. (Berlin), Ziirich. With Plates 
XIV. and XV. 


[Read, May 9, 1881.] 


Kirway, so early as 1789, laid the results of some experiments which 
he had made with the alkaline substances used in bleaching, before 
the Members of the Royal Irish Academy, prefacing his Report with 
the statement ‘‘that, however well the Irish bleachers might excel in 
that art, when well provided with the instruments they employ, they 
were but little acquainted with the general agency of the instruments 
themselves and their respective powers, or even with the most advan- 
tageous and economical method of employing them ;” and Kolb in his 
elaborate Report to the Members of the Industrial Society of Mulhau- 
sen, 79 years later (1868), gave it as his opinion that the art of bleach- 
ing was no further advanced, so far as chemistry is concerned, than at 
the time of the introduction of chlorine by Berthollet. With the state- 
ment of Kirwan, few who know anything of Irish bleachers even now 
will be inclined to disagree; but with that of Kolb it is somewhat 
different, as it cannot be forgotten that on many occasions, long and 
laborious investigations into the constitution of textile fabrics, and the 
nature of the various chemicals employed as bleaching agents, have 
been made by eminent chemists; and if practical men have failed to 
turn to advantage the results obtained from these inyestigations— 
which results have been published from time to time—the chemists 
who undertook the work should at least be acquitted of the charge of 
being idle in the interests of bleachers. 

Kolb, in the Report above mentioned, published the results of many 
experiments, which, if they had been carried out with Irish flax, 
instead of with Russian yarn spun from dew retted flax, would not 
only have possessed scientific interest, but have been of practical value 
to the Irish bleacher. It has, therefore, been considered advisable to 
repeat part of his investigation, with Irish flax, as wellas to endeavour 
if possible to add to the very scanty information which we have of the 
nature of the wax and other bodies which exist in flax. We owe to 
Sir Robert Kane the first attempt to direct scientific attention to the 
composition of the stem of the flax plant. In a Report drawn up 
by Professor Hodges, at the request of the chemical section of the 
British Association of Science, and communicated to the Meeting 
held in Belfast, the agricultural and technical history of the plant was 
fully discussed, and the results of an extensive series of investigations 
on its composition given. This Report was the first in which an 
analysis of the proximate composition of the stem was published, and 
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it was followed, at subsequent Meetings, by Reports, by the same 
chemist, on the gases evolved in the steeping process; on the compo- 
sition of the steep-water; and on the composition of dressed flax. In 
this preliminary Report of a series of investigations on which I have 
been for some time engaged, I have endeavoured to extend our know- 
ledge of the nature of some of the organic constituents of the plant, 
and also of the effect of certain agents on the fibre. Flax as sold to 
the spinner consists, as is well known, of long and fine filaments, 
separated from the stem of the plant usually in this country by a 
process called ‘“‘retting,’’ in which a decomposition of some of the 
cementing materials which hold together the structures of the plant is 
effected, so that the textile filaments can be completely detached from 
the non-elastic and worthless portion of the stem, by the mechanical 
means afterwards employed. The cells which serve technical purposes 
in the flax plant are those which exist in the bast tissue ; these cells, 
of which the fundamental material is cellulose, are accompanied with 
various incrusting and intercellular matters, which easily undergo 
solution or decomposition by chemical means—sulphate of aniline, as 
suggested by Wiesner, affords a test of exceeding delicacy for these 
incrusting matters, by the production of a yellow colour. The bast 
cells, as shown by the microscope, consist of long thick-walled cells 
in which the lumen has almost entirely disappeared. Iodine and sul- 
phuric acid render the bast cells blue, while sulphate of aniline on the 
unbleached fibre shows the presence of some adhering and incrusting 
matter, by the production of a vivid golden-yellow colour; in the per- 
fectly purified and bleached fibre this re-agent usually causes no change 
of colour, unless some of the incrusting matters have not been removed. 
The short cells and vessels which are situated on the inner side of the 
bast bundles of the plant are not rendered blue by the action of iodine 
and sulphuric acid. A series of of longitudinal and transverse sections 
of the structures which compose the stem of the plant, made in the 
laboratory of Professor Hodges, and carefully delineated by Mr. Tuffen 
West, whose abilities in drawing microscopic objects is so well known, 
affords probably the most perfect representation of their histological 
character which has hitherto been made, and also serves to show the 
effect of re-agents and the arrangement and mode of union of the cells. 
The action of nitric acid as shown in Plate XIV., fig. 1, is instructive 
as exhibiting the spiral striation of the thickening layers; while that 
of sulphuric acid and iodine on the section of an isolated cell, as exhi- 
bited in Plate XV., fig. 1, displays the concentric layers. In Plate B, 
fig. 2, the position of the groups of the bast fibres in the stem of the 
plant is well shown: fig. 3 shows the cuticle with stoma and remains 
of chlorophyll. A more full description of these Plates will be given 
in a subsequent communication. 


Chemical Examination. 


The flax fibre used in this investigation was pure Irish milled flax, 
of medium quality. 
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7°6805 grms. flax fibre after drying at 100° C. for 12 hours weighed 
6°796 grms., loss of weight 0°8845 grms.=11°5 per cent. 5°07625 
grms. of yarn manufactured from the same flax, after drying 12 hours 
at 100° C., weighed 4:5800; loss of weight 0°49625 grms. = 9:7 per cent. 

After the retting of the flax, the gummy matters which were 
originally, says Kolb, uniformly spread over the fibre, disappear, and 
are replaced by numerous brilliant scales of a resinous appearance, 
equally distributed in the substance of the fibre, and in a manner 
adhering by their roughness to the filaments. 
These scales have alight amber hue, and are 
deepened in colour by alkalies, in which they 
can be entirely dissolved. By the mechani- 
cal process of hackling, large quantities of 
scaly matters are removed from the fibre. 
This substance, the nature of which is so 
little known, has been very differently named 
by many chemists; Berthollet calls it yellow 
colouring matter; Kirwan considered it a 
resin, differing from the true resins by its 
insolubility in the essential oils; M. Rouget 
de Lisle thought that it was, in combination | 
with two others, of the nature of gummy “fj 
extractive matter; Grimshaw ascribed the / 
colour of raw flax and cotton to the pre- 
sence of iron. In pursuance of the course 
of investigation here undertaken, it was con- 
sidered proper to begin by studying the cha- 
racter of the bodies extracted from the flax 
by ether and alcohol, which was done in the 
following manner:—In order to obtain a 
sufficient amount of the bodies soluble in 
ether, the extraction was effected on a large 
scale in an apparatus which will be seen, by 
the accompanying sketch, to consist of a 
4-litre bottle, with a tubule at the bottom, 
fused in an inclined position for better run- 
ning off, which held about 400 grms. flax 
each time. The tube B carries the ether 
vapour from the flask underneath into the 
extraction bottle, and thence into a cooler, 
where it is condensed. The tube C carries the ether charged with 
wax and colouring matters back into the flask. Though all the most 
approved plans proposed for ether and alcohol extraction were tried, 
none were found so effective as the one here described, which during 
three days extracted 1°5 kg. flax with 4 litres of ether. The ethe- 
real solution gradually turned light-green, and finally rather dark. 
On the cooling of the concentrated solution, a substance separated 
in white mammillary or flocculent masses. The hot extract was 


Hopcrs—On the Fibre of the Flax Plant. 463 


filtered and the ether distilled off. There remained behind a green- 
ish mass consisting of wax and essential oil. The latter was dis- 
tilled off, and, on being submitted to fractional distillation, it proved 
to be largely contaminated with alcohol from the ether. The oil 
proper, which had a yellow colour, boiled at 85-100°C., and had 
an extremely disagreeable acrid smell. Though very large quan- 
tities of flax were at different times extracted, the quantity of this 
essential oil which was obtained was too small to prepare a product 
of constant boiling point for analysis. Though other workers on 
flax have mentioned the existence of this oil, none of them have ever 
given its boiling point, nor indeed separated it from the other mat- 
ters extracted with it. I hope, before the conclusion of this investi- 
gation, to succeed in obtaining a sufficient quantity to enable me to 
fully study its character. In order to purify the white-coloured sub- 
stance, it was dissolved repeatedly in hot alcohol, filtered while hot 
through a hot water funnel, and precipitated by cooling. By this 
means it could be separated almost entirely from chlorophyll, of which 
there was a very large quantity, and from a brown resinous substance 
very difficult to dissolve, which deposited at the bottom of the vessel, 
and solidified on cooling; of this substance there were traces to be seen 
even after ten repetitions of this operation. By long continued wash- 
ing with cold ether, and drawing off with a pipette, at last a loose 
mass was obtained, showing a very slight greenish-yellow colour. 
Dried over sulphuric acid, it melted at 78° C., already at 74° C. it was 
partially liquefied. The solidification took place at 72° C. This proves 
that it was still a mixture of several substances, an opinion which 
is confirmed by the results of saponification with melting potash. 

Two combustions of the wax (melted and dried at 100° C.) yielded— 


I.— Substance employed, 0°2090 grm. 
COS it voce | et Meee a), ae sh 026060 
ee ORs hee weal ek, Recon 0-24838 
Found C, 79:07 per cent., H, 13°19 per cent. 


Il.—Substance employed, 0°1685 grm. 


WOM ee ee scat yan s Mespea ee eO2404 0 
HOR Wy 2Et  loel as An bee Se eet O04 


Found C, 79°95 per cent., H, 13°46 per cent. 


The following possible ethers correspond to the percentages quoted 
beside them :— 


i C. 18h 
TO. H.06 (Gal) requires 82°24 13°71 per cent. 
Palmitic melissyl ether, 


C,6H3,00 (CoH), 5% 81°65 18°60 ” 


Palmitic ceryl ether, ) sed a 

P ee ae j Pe) 81 39 13 ol ” 
almitic ceryl ether, a 
C.H00(C,H,),  j  » $000 18:33, 


464 Proceedings of the Royal Irish Academy. 


From which it can be seen that the last formula very nearly agrees 
with the results of the combustion. 


Saponification. 


Though this part of my work is far from being completed, owing 
to numerous difficulties which have presented themselves, it will, I 
believe, yield rich results. The method by which I proceeded was as 
follows:—Pure potash was fused in a silver dish, and about 6 grammes 
dry wax put in, in small portions. A soapy smell arose at once. 
The brown sticky soap was from time to time taken off with an iron 
spatula and put in water. After the operation was finished, the whole 
was put in a large quantity of water, and boiled for some time, till all 
was dissolved into a milky liquid. Then barium chloride was added, 
and the liquid filtered off the insoluble baryta salt, and the equally 
insoluble wax alcohols, which were washed with water. The mixture 
was boiled with ordinary alcohol to dissolve the new wax alcohol, filtered 
while hot, and the operation repeated four times. The last traces of 
adhering wax alcohol were removed by washing the baryta salt on the 
funnel with hot spirits of wine. The united alcoholic filtrates were 
concentrated to a small volume, by which the wax alcohol separated 
out and was removed by filtration. Purified once more by dissolving 
in absolute alcohol and dried, it melted at 82° C., a temperature which 
is open to correction, and requires further investigation, to ascertain 
the perfect freedom of the body from other substances, but which, if 
found to be correct, agrees with the fusing point of ceryl alcohol, 
which Brodie gives at 79° C., and Duffy at 81° C. 


Preparation and Examination of the Fatty Acid obtained as a 
Barium Salt. 


The barium salt was boiled for some time with strong acetic acid, 
and the fatty acid, which separated, filtered off. It was a brown sub- 
stance melting at about 82° C. It dissolved in hot alcohol, with 
yellow colour, leaving behind a blackish-brown glutinous mass which 
solidified on cooling. This proves the existence of, at least, two fatty 
acids in the wax, or it leads to the supposition that it is a mixture of 
several ethers. Only that part which dissolved in alcohol was further 
examined. After repeated purifications with hot alcohol, it was 
obtained as a lead salt, by precipitation with lead acetate from a hot 
alcoholic solution. In this it was found that even the portion soluble 
in alcohol must be a mixture of several fatty acids. Along with a 
white flocculent lead precipitate, there was formed a brown precipitate, 
also containing lead, melting at a boiling heat, and adhering to the 
sides of the glass vessel. The two precipitates could be separated by 
prolonged boiling and pouring off of the liquid. The flocculent lead 
salt, which was present in large quantity, was filtered off and washed 
with hot alcohol. Dried at 80° C., and decomposed by hot acetic acid, 
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it formed a waxy acid floating on the liquid, melting at 82°C. The 
quantity of this was not sufficient for a combustion, and I had to 
content myself with preparing the ethyl ether, by dissolving the acid 
in absolute alcohol, and passing through dry hydrochloric acid gas. 
The ether was precipitated on the cooling of the liquid in microscopi- 
cally small needles, melting at 60-61° C., and solidifying in a erystal- 
line form. Both the melting point of the free acid and that of the 
ethyl ether agree very nearly with the data for cerotylic acid. Cero- 
tylic or cerotic acid, F. p. 81-82° C.; Cerotic ethyl ether, F. p. 60°3° 
(Brodie). If the elementary analyses agree, these data will make it 
probable that the acid is cerotylic acid. 


Extraction with Ether and Alcohol. 


20°8555 grammes dried flax were extracted with absolute ether for 
twenty-four hours, and weighed 20°0455 grammes: loss of weight 
0°810 gramme = 3°88 per cent. 

The extract freed from ether (white wax and green oil) weighed 
0:8057 gramme, corresponding to 3°86 per cent. loss of weight. The 
20°0455 grammes, after extracting with absolute alcohol for twenty- 
four hours, weighed 19-9455 grammes: loss = 0:1000 = 0°45 per cent. 
The alcoholic extract was of a deep brown colour, and after evapora- 
tion of the alcohol evolved a smell similar to over-ripe stawberries. 
Kolb, in his experiments, found 4°8 per cent. capable of being extracted 
with ether and alcohol; but he carried his investigation no further than 
to give it as his opinion that the matters extracted were composed of 
two bodies of different densities—a wax, and an odorous essence, the 
former probably complex, all of which had been long ago shown to 
be the case by Dr. Hodges, and is now confirmed by the above ex- 
periments. 


Extraction with Caustic Soda Solution. 


18-734 grammes flax, previously extracted with ether and alcohol, 
and dried at 100° C.—112° C. for twelve hours, were boiled with caustic 
soda liquor, till no further loss of weight took place; remaining weight 
13°406 grammes: loss 5°328 grammes = 28-4 per cent. 


Preparation of Pectic Acid. 


A large quantity of flax previously extracted with ether and 
alcohol was boiled for a short time, say one-half to one hour, with 
caustic soda solution, and a little sodium carbonate. The decanted 
liquor was decolourised as much as possible by animal charcoal, and 
filtered. The liquor was faintly brown. This liquor, according to 
Fremy, should contain pectic acid, as it is his idea that if either the 
ferment, to which he gave the name of pectase, or the free alkalies, 
or their carbonates, be allowed to act on a substance containing the 
organic body pectine, they can, the former at a temperature of 30° C., 
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and the latter even in the cold, transform it, in the first instance, into 
pectosates and pectates, and finally, if their action be continued, into 
the remaining bodies of the series. The liquor gave, with an excess 
of hydrochloric acid, a brown gelatinous precipitate, which was 
washed on the filter with hot water for some time. During the 
washing the precipitate swelled a good deal, and much passed through 
the filter, so that gelatinous flakes deposited in the filtrate. In spite 
of washing, the precipitate still contained alkali (in 0°21925 grm. 
of dried precipitate 0°0025 grm. ashes). It Gissolved in liquor ammo- 
nia with brown colour; the solution yielded a gelatinous precipitate 
with barium chloride. After drying, it resembled in appearance a 
woody brown mass, soluble in ammonium oxalate, but insoluble in 
absolute alcohol and ether.t On boiling with water it swelled up, 
and was gradually dissolved as presumably metapectic acid ; which was 
shown by its reducing Fehling’s solution, by turning brown with alka- 
lies, and by yielding a gelatinous precipitate with silver nitrate. The 
solution gave an acid reaction with litmus. All the reactions here 
given agree with Fremy’s statements about metapectic acid. 


Extraction with Lime and Preparation of Calcium Metapectate. 


A large quantity of raw flax was boiled for twelve hours with 
excess of milk of lime. The solution was filtered and freed from 
free calcium hydrate by a eurrent of carbonic dioxide at a boiling heat. 
The filtered brown solution of calcium metapectate was concentrated 
and decolourised by animal charcoal. By evaporation in a platinum 
dish, a substance was obtained, at first gummy, then hardening, and 
still rather yellowish and rather hygroscopic. Two samples were 
powdered and dried for twelve hours at 100-110° C. 


1:0632 grms. yielded on ignition :2477 grms. CaO = 23°22 per cent. 
504 ,, u p 119 |, x02 23-61 


The solution of calcium metapectate gave no precipitate with hy- 
drochloric acid, nor with barium chloride and neutral lead acetate, but 
only with basic lead acetate. The precipitate was soluble in an 
excess of the precipitant. In order to ascertain whether Kolb was 
correct in his idea of the non-existence of a resinous saponification, 
many experiments were undertaken; and though they, like the rest of 
my work, are far from being completed, a few of them are here enume- 
rated, the results of which, so far as they have gone, tend to confirm 
Kolb’s conclusions. 


1 This is interesting, inasmuch as Messrs. Cross and Bevan, while working on a 
substance prepared in a somewhat similar manner from the jute fibre, state that they 
found it to be soluble in alcohol, and, therefore, not pectic acid; which is rather re- 
markable, as Schunk found a pectic compound in the cotton fibre; and Dr. Hodges 
and M. Kolb, in their researches on flax, describe the presence of pectic com- 
pounds. 


Voll a: N.S, Plate XIV. 
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Treatment of Flax Yarn in the Cold. 


69°402 germs. flax were covered with 750 cc. water, and left stand- 
ing for seven days. Loss of weight, -14 per cent. 


Treatment of Flax with Water at a Boiling Heat. 


22 germs. flax were boiled for six hours with a-quarter litre 
water. The light-brown liquor gave a faintly acid reaction with lit- 
mus paper; with hydrochloric acid it was decolourised with the 
production of a faint white opalescence ; with ammonium hydrate it 
turned strongly brown; with neutral lead acetate it yielded a brown 
floceulent precipitate; with basic lead acetate a much more abundant 
yellowish precipitate. 


Treatment of Flax Fibre with Hot Solution of Sodium Carbonate. 


10 grms. fibre were boiled with 50 cc. of a 1 per cent. solution of 
sodium carbonate for sixteen hours, with addition of about 150 ce. 
water. The liquor was poured off, the fibre was washed with water, 
and the total bulk of the liquid made up to 350cc. <A sample treated 
with hydrochloric acid showed no more effervescence, but gave a brown 
gelatinous precipitate, the liquid being decolourised. 


Treatment of Flax Fibre with Hot Sodium Sulphide Solution. 


13 grms. flax fibre were boiled for twelve hours, with a reflex 
cooler, with 1 ce. of a strong sodium sulphide solution and a great deal 
of water; sulphuretted hydrogen was given off in considerable quan- 
tity. After twelve hours a lead solution did not produce in the brown 
liquor a black, but a brown precipitate. 

Imperfect and incomplete as is the above work, yet it will, I trust, 
be found to add some little to the knowledge hitherto possessed of the 
action of several chemicals on the flax fibre, and of the character and 
constitution of some of the constituents of the plant; and though all 
the results which were obtained in the series of investigations under- 
taken are not given in this Paper, as it has been considered advisable 
to hold them over, owing to the want of time for their completion, and 
the great difficulty experienced in preparing sufficient quantities of 
the materials to be examined, yet I venture to hope that those already 
given will be found to possess considerable scientific interest. 

Tn conclusion, I take this opportunity of thanking my friend Pro- 
fessor Dr. Lunge, of the Technischchemisches Laboratorium EKidgenés- 
sesches Polytechnikum, Ziirich, through whose kindness I was per- 
mitted to pursue these investigations in that laboratory, and for whose 
valuable suggestions I am greatly indebted. I have also to acknow- 
ledge the valuable assistance which was afforded me by my private 
assistant, Dr. Zimmermann, now assistant in the laboratory of the Uni- 
versity of Ztirich. 
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LX VIII.—Tae Instruments 1n THE Op OBSERVATORY AT PEKING. 
By J. L. E. Dreyer, M. A. 


[Read, June 13, 1881.] 


Wuen the missionaries of the Society of Jesus, in the seventeenth 
century, made their way to Peking, and startled the scientists of the 
Celestial Empire by their superior knowledge, they found in the 
eastern part of the city, on the rampart or wall surrounding it, an 
astronomical cbservatory furnished with several old instruments. 
Father Verbiest gained the confidence of the Emperor by repeatedly 
calculating beforehand the exact length of the shadow which a 
enomon would throw at noon, and was authorised to have constructed 
six new large instruments. He has himself described these in a 
work with the following title :—‘‘ Astronomia Europzea sub impera- 
tore Tartaro Sinico Cam Hy appellato, ex umbra in lucem revocata a 
R. P. Ferdinando Verbiest, Flandro Belga, e Societate Jesu, Acade- 
mize astronomice in regia Pe Kinensi Prefecto’’ (Dillinge, 1687, 
4to).1_ The old instruments, which had to be removed to make room 
for his own, he seems to have paid no attention whatever to; at least 
he says nothing about them in his book, except (p. 47) that the 
Emperor gave him leave to construct new instruments—‘ Prioribus 
instrumentis Sinicis rudioris Minervee, que jam a trecentis proxime 
annis speculam occupabant, inde amotis.”’ . 

These despised instruments, as well as those erected by Father 
Verbiest, are still in existence. Some time ago I received from a 
friend residing in China, Mr. 8. M. Russell, a series of photographs of 
these interesting scientific relics, and having had my attention drawn 
to them in this way, I thought that a short account of them might be 
read with some interest, particularly as there has not been much 
published about them hitherto. 

The only plate in Verbiest’s book represents the platform on 
which the six new instruments were mounted. It forms a square, 
with two small additions to the north-east corner, one of which is the 
head of the staircase leading up to the platform, while the other was 
occupied by a small house to which the observers could retire in bad 
weather. Next the staircase, on the north side of the platform, was a 
high mast, with a weathercock on it. Next to this wasa sextant of six 
feet radius (pedes geometricz), evidently an imitation of Tycho Brahe’s 
‘«Sextans bipartitus minoribus siderum distantiis inserviens,” ? which 
it exactly resembles, with the exception thatthe arc is single. The are 


1 This book seems to be rather scarce. Through the kindness of Father 
Perry, F.R.S., I have been able to examine a copy of it. Delambre gives.an 
account of it in his Histoire de ? Astronomie du Moyen Age, p. 218, et seq. 

2 Astronomie instaurate Mechanica, fol. D 3. 
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was divided to 15”,° and the observations were taken ‘‘ per pinnacidia 
rimosa more Tychonico.’’* In the north-west corner was a quadrant 
(with the are downwards), turning in azimuth round an axis which 
passed through the middle of the horizontal radius. In the middle of 
the west side of the platform was an azimuth circle, supported on 
four legs, and having in the middle a vertical axis, the upper end of 
which was joined by wires to the two ends of an alidade, which can 
be turned round the axis to any azimuth. In the south-west corner 
stood then a zodiacal armillary sphere, to which corresponded an 
equatoreal one in the south-east corner, while there was a revolving 
sidereal globe between them, six feet in diameter. Lastly, the middle 
of the east side of the platform was taken up by a low square tower, 
in the four corners of which four mandarins were posted, day and 
night, to observe the weather, meteors, &c., about which they pre- 
pared a daily report. 

It would be needless to describe these instruments more in detail ; 
they are true copies of the astronomical instruments devised and 
constructed by Tycho Brahe, and generally used long after his time. 
They were not furnished with telescopes. The photographs show with 
certainty that they have been moved about since they were mounted 
in 1673, as they do not now occupy the places they did then (as 
described above). Besides, there has been added a new instrument 
to the collection (but when I have not been able to find out), viz., 
another azimuthal quadrant. This instrument differs from all the 
others in not being profusely ornamented with dragons and serpents ; 
on the contrary, it is in very pure European style. Possibly it was 
constructed some time during the eighteenth century, when the mis- 
sionaries felt more at home, and less afraid of dispensing with what 
looked to them as heathen symbols. 

Besides these instruments on the roof of the old observatory there 
are still in existence two others, equally large and imposing-looking, 
which are placed inside low brick enclosures in a kind of yard 
adjoining the observatory. These I had also (as I believe they have 
generally been) attributed to Verbiest, as they were not very different 
in their general appearance from his instruments. However, when I 
came across a Paper by Mr. A. Wylie—‘‘ The Mongol Astronomical 
Instruments in Peking” *—I found that they were in fact two of the 
old instruments which Verbiest removed from the observatory. When 
they were placed in their present positions appears to be unknown ; 
Gaubil states that he was not permitted to get a look at them, and 
that they were kept in a closed room.® This agrees with what Father 
Le Compte says, who was in Peking about the year 1688, and who 


Probably by means of transversals. 

Astronomia Europea, p. 52. 

Travaux de la 3° Session du Congrés International des Orientalistes, Vol. ii. 
Souciet, Observations Mathématiques, &c., T. ii., p. 108. 
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saw them through a window ‘close set with iron bars.” * They are 
now easily accessible. 

According to Mr. Wylie, well-informed natives state that these 
instruments were made during the Yuen dynasty, and he quotes a 
Chinese description of Peking, in which the observatory and four 
large instruments (two of which, from the description, can be identi- 
fied as the two still extant) are said to have been constructed in the 
year A.p. 1279. This date brings us back to one of the most 
interesting periods of Chinese history, as it was in 1279 that Koblai 
Khan, the great Mongol monarch, and grandson of Djengis Khan, 
finished the conquest of China, and moved his residence to the new 
city Taydo, now called Pe-King. Very different from his ancestors, 
Koblai was a monarch who favoured science and arts, and he sup- 
ported and protected the astronomer Ko Show-King, who had first 
had the control of the waterways of the empire, but whom he, in 
1276, appointed to examine the system of chronology then in use. 
Ko Show-King got the observatory built, and constructed a number 
of instruments, all of which are counted up in the Yuen She, or 
History of the Yuen (¢.e., Mongol) dynasty. The descriptions, as 
translated by Mr. Wylie, are in most cases very difficult to under- 
stand, except in the cases of the instruments een e, or equa- 
toreal, and Ling-lung e, or armille—as these are the two standing 
at the present moment in the courtyard of the old observatory. 
About this identity there can be no doubt, as the above-mentioned 
description of Peking expressly states that the deen e and the 
Ling-lung e were removed in 1673 from the platform, and stored 
away at the foot of the building. Gaubil (/. ¢.) also says that the 
instruments which in his time were kept “dans une salle fermée”’ 
were made by Ko Show-King. 

It would only tire the reader if I were to reproduce the whole 
of the elaborate description of the Chinese writer, particularly as 
this is only intelligible when compared with a picture of the instru- 
ments. What I wish to call attention to in these pages is, that we 
have here two remarkable instances of how the Chinese people often 
came into possession of great inventions many centuries before the 
western nations enjoyed them. We find here in the thirteenth 
century the equatoreal armille of Tycho Brahe, and better still, an 
equatoreal instrument, like those ‘‘ armillee equatoriz maximee ” with 
which Tycho observed the comet of 1585, as also fixed stars and 
planets.® 

It is well known that armille have been in use in China very 
early, and probably before the astronomers at Alexandria commenced 
using instruments with graduated circles. It is particularly stated by 
Father Gaubil that Sse-Ma-Tsien, about the year 100 3.c., men- 
tions some o/d instruments, with circles of two feet five inches 


7 Memoirs and Observations Topographical (London, 1697), p. 65. 
8 Astr. Inst. Mechanica, fol. D 2. 
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diameter. It is added, that the motions of the stars were referred to 
the Equator, and that there was no instrument in use for observing 
the motion on the ecliptic. This would seem to indicate, that the 
Chinese astronomers, who in so many respects were behind the 
Greeks in their knowledge, had actually invented equatoreal armillee 
(which were not in use in Europe before Tycho Brahe), and used 
them instead of the less convenient and unsymmetrical ‘ armille 
zodiacales,”’ invented by Hipparchus, and still used even by Walther 
and Regiomontanus. 

But even if it be admitted that the description of these old instru- 
ments is much too vague to found on it a claim for the Chinese 
astronomers of the time before Christ as being the inventors of the 
equatoreal armille, at any rate it is now certain that Ko Show-King, 
the astronomer of Koblai Khan, constructed such armille three 
hundred years before Tycho Brahe. It has been suspected by the 
younger Sédillot® that Alhazen knew equatoreal armille ; but even if 
this was really the case, it would probably be carrying conjecture 
too far to suppose the Mongol astronomer to have heard of this 
occidental invention. 

The instruments of Ko Show-King were examined in one of the 
first years of the seventeenth century by the Jesuit Matteo Ricci 
(who died in China in 1610),'° who speaks of them as being counter- 
parts of some he had seen at Nanking, and described at some length. 
Mr. Wylie (7. c. p. 18) quotes the following part of this description 
from Colonel Yule’s translation in The Book of Ser Marco Polo 
(Vol. i1.):—‘‘ A second instrument was a great sphere, not less in 
diameter than that measure of the outstretched arms which is 
commonly called a geometric pace. It had a horizon and poles; 
instead of circles, it was provided with certain double hoops, the void 
space between the pair serving the purpose of the circles of our 
spheres. All these were divided into 365 degrees and some odd 
minutes.!' There was no globe to represent the earth in the centre, 
but there was a certain tube, bored like a gun-barrel, which could 
readily be turned about, and fixed to any azimuth, or any altitude, so as 
to observe any particular star through the tube, just as we do with 
our vane-sights.” 

This description evidently refers to an imitation of the equatoreal 
armillz now in the courtyard of the Peking Observatory. The photo- 
graph shows in fact very distinctly that all the circles are double, 
separated by a narrow interval. Whether this interval was intended 
for the hollow tube to slide in, or whether the circles were only made 
double in order to strengthen the instrument, it is not easy to see. 
Perhaps both these objects were kept in view. The tube appears to 
have four longitudinal slits in it, 90° apart, and interrupted near the 


9 Prolégoménes des Tables Astronomiques @ Olough-Beg. Paris, 1847, p. exxxiy. 
W Jécher’s Gelehrten-Lexicon, Vol. iii. 
1 Tt will be remembered that the Chinese divided the circle into 365;°. 
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middle of the tube; but what they were intended, for I cannot make 
out. 

The other instrument of Ko Show-King, the Aeen e, which I have 
above likened to Tycho Brahe’s armillee maximee, and which is by far 
the more interesting of the two, is described at great length in the 
Yuen She. It consists of a double declination circle, six feet in 
diameter, each circle two inches wide, and an inch in thickness. The 
interval between the two circles is one inch, and they are connected 
at four points 90° apart. ‘‘The degrees and minutes” are marked 
round the circumference (Father Matteo says, by prominent studs of 
iron, which could be felt in the dark). There is no polar axis, but 
two parallel stretchers, four inches on either side of the polar pivots, 
and joined in the middle by a transversal brace, in the middle of 
which is the pivot for the alhidade. The latter has pointed ends and 
two sights, with a round aperture in the middle, three-fifths of an 
inch in diameter, ‘‘ with a fiducial line down the centre.” The 
south-pole pivot is in the centre of a diurnal circle, also six feet in 
diameter, and divided into twenty-four hours. On this circle, which 
is let into the mounting of the instrument, slides an equator-circle 
of the same diameter, ‘‘ divided into degrees and minutes, according 
to the twenty-eight constellations.” The following particulars I copy 
verbatim from Mr. Wylie’s translation :—‘‘ A hole is made through the 
centre of the north-pole pivot. At the bottom of this hole a trans- 
verse hole is drilled from side to side. A thread is passed up the 
centre, bent over, and brought out at the two transverse holes, and 
fastened at both sides. Three lengths of thread are passed through 
the hole, and fastened. At the upper and lower ends respectively 
threads are carried down to the two ends of the index bars (7.e. the 
alidade), and passed through a hole, being sunk into the under side of 
the index bar, along the centre line of which a groove is cut to 
receive the thread. It is then carried along the middle of the slit to 
the centre of the index bar, and through a hole in the middle part 
the thread is passed up from the lower side of the index bar, and 
fastened.” 

This thread or wire has probably disappeared from the instrument 
centuries ago. 

‘Mr. Wylhe’s Paper contains two lithographs of the two instru- 
ments, but not seen from a good point of view, and consequently not 
showing all the details well. I trust the reader will have learned 
sufficient from the above descriptions to acknowledge the historical 
interest attached to these old instruments, which anticipated some of 
the ideas of the great Danish astronomer three centuries before his 
time. 


, 
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LXITX.—Pretmonary Report on Sounprves TAKEN IN Loven Gut, 
Stico. By Epwarp T. Harpmay, F.C.S8., &., H. M. Geological 
Survey. 

[Read, June 13, 1881.] 


A grant of fifteen pounds having been voted by the Royal Irish Aca- 
demy towards carrying out the above object, the work was entered on 
during a part of last year (1880). Owing to various circumstances it 
was not commenced until somewhat late in the season, but advantage 
was taken of a continuance of favourable weather to obtain a great 
many soundings. These have been as yet confined to lines of sections 
along and across the lake, and in some of the principal bays and inlets 
of it, as well as depths ascertained around some of the various islands. 

In this way a good deal of information has been obtained as to the 
form of the lake-bottom, and many interesting facts noted, which, 
when more fully followed up, will, it is expected, help considerably 
to elucidate the physical history of the lake. 

It is proposed this year to continue these soundings, and to en- 
deayour to obtain a series of depths along the shores at regular 
intervals from it. 

The principal section runs right along the centre of the lake from 
end to end, beginning at the entrance of the River Garavogue, passing 
by Church Island, and continuing on to Shriff Bay. The depths 
along this line are considerable in some places; and one thing very 
noticeable is a tendency to very sudden differences of level in short 
distances. It is not uncommon to find within a distance of 400 feet a 
difference of depth of 30 feet or more. 

The principal depths on this section are:—Between Cottage 
Island and Church Island, 65 feet; one mile from the latter island, 
96°38 feet; a little further on eastward, 97:6 and 99 feet; then 105 
and 116 feet, the last being the greatest depth yet found in the lake. 
This lies a little more than one mile from the east end of Church 

_ island, and one mile and three-quarters from the east end of the 
lake. From this point to the end of the section at Shriff Bay the 
lake shallows again. 

It should be noted that the depths given here are those actually 
taken. But as the water was at the time exceptionally low, and at 
least ten feet below its ordinary winter level, it would be necessary 
to add five feet for the average depths of the lake. The greatest 
depth would, therefore, be about 121 feet. 

Another section was taken parallel to the last, and south of it, 
along the shore, from Aghamore Bay, through Goat Island, to Slish 
Wood. The depths along this line are moderate as far as Goat 
Island, where they suddenly increase. The northern shore of this 
island shelves down very rapidly, forming a deep cliff, which, at 
thirty yards from the shore, is 63 feet in depth. Further on the 
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depth is 88 feet, and half a mile east of the island, just opposite the 
entrance of Bunowen Bay, the sounding was 103-7 feet. 

Two sections were run along the shores of Bunowen Bay, proving 
the water even close to the shore to be very deep, in some places one 
hundred yards only from the shore being from 35 to 47 feet. 

Sections were run from this bay to the south of Church Island, 
proving some considerable depths. A remarkable one is about sixty 
yards south of the spit of iand forming the southern point of the 
island, where there is a sudden drop of 84 feet in hard rock. 
In fact, all along the southern side there is very deep water, while 
that on the northern is very shallow. 

Other sections were run from Church Island to Leggamore Bay 
(Holywell), and from this to Wolf Island, near the Garavogue river. 
The greatest depths in these were 34 and 41 feet respectively. 

Another section was obtained from Toberconnel Bay, southwards, 
towards Rockwood, in the narrowest part of the lake. The depths 
here are considerable—half a mile from the shore they reach 99 feet, 
and a little further south 96 feet. 

Besides the above, several isolated soundings were taken, but these 
possess at present no particular interest. 

The season being then too advanced, the work was stopped. It 
will be continued this summer, and it is hoped that a full Report, 
with chart and sections, will be ready for presentation to the Academy 
during the next Winter Session. 


Summary of Facts.—It would be premature as yet to enter into 
the geological aspects of the subject, but the following points may be 
noted :— 

1°. The great and frequently-recurring irregularity of the bottom 
of the lake. 

2°. The preponderance of depth (with few exceptions) on the 
south side, along which a great line of fault runs. 

3°. That many of the deeps of the lake nearly coincide with the 
direction of known lines of faults in the shore rocks. 

4°. That while the direction of the ice-flow, as indicated by the 
markings, in the district immediately around the lake is towards the 
N.W. or N.N.W. (that is, across it), the principal line of the lake is 
in an east and west direction. 

5°. That the numerous small islands in the lake form sub- 
aqueous cliffs, which cannot be regarded as due to ice action, seeing 
that the “crag,” or cliff, faces indifferently north, south, and east. 


On the whole, therefore, the evidence at present seems to point to 
the origin of the lake as due to faults and subsidences in the first 
place, followed by chemical erosion of the limestone rocks along the 
lines of fault. That ice-action assisted in the details of the carving 
out to some extent there can be little doubt; ‘but these matters will 
be fully entered into in a subsequent Report. 
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LX X.—Report on THE Rocks oF THE Fintona and CurtEw Mountain 
Districts. By G. H. Kiyanan, M.R.I.A., with Paleontological 
Remarks by W. H. Barty, F.G.S. (With Plates XYI. and XVII.) 


[Read, April 12, 1880.] 


INTRODUCTION. 


TE committee commenced operations in the neighbourhood of Pome- 
roy, and worked south-westwards to Lisbellaw, Drumshambo, Boyle, 
and Ballaghaderreen; while, for comparison, a traverse was made of 
the rocks in the Croaghmoyle, Toormakeady, Clew Bay, and Killary 
Bay districts. 

As the fossils are an important element in the inquiry, on account 
of the occurrence of an assemblage of English Cambro-Silurian forms at 
certain places in the Irish Silurians, a list of those recorded from dif- 
ferent areas is given in a tabular form, whereby those common to the 
different localities can be seen at a glance. 

The report is divided into three parts :—irst. A discussion of the 
Pomeroy and Lisbellaw fossiliferous rocks. Second. A Table of the 
Cambro-Silurian fossils found at Pomeroy and Lisbellaw, with those 
found in the different Irish Silurian tracts. Zird. A discussion of 
the Silurian rocks, commonly called ‘‘ Lower Old Red Sandstone,” of 
Tyrone, Fermanagh, and the Curlew Mountains, with their relations 
to the Silurians of S.W. Mayo and N.W. Galway. 


PART I.—(in Abstract.) 
Fosstz1rerous Rocks in THE NEIGHBOURHOOD oF PoMEROY. 


Near Pomeroy are three distinct groups of rocks (neglecting the 
Carboniferous), namely— 


Red, purple, and greenish sandstones, con- 
glomerates, and sandy shales, with inter- ‘¢ LowER OLp 
3. stratified masses of eurite (basic felstone), | Rep Sanpstony”’ 
tuff, breccia, and, in places, green ae (Silurian). 
and limestone. 
Green, grey, and bluish shales, slates, and 
grits ; a few of the latter being quartzose Pp 
2. and conglomeritic, while some of the cea y 
shales are calciferous, and many of them a 
fossiliferous. 
1 { Metamorphic sedimentary and eruptive ARENIC 
’ (rocks, with intrusions of granite, &c. Grovp. 
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The reasons for classifying the rocks of group 1 as Arenig are given 
in a Paper already read before the Academy, ‘‘On some supposed 
Cambrians in Co. Tyrone and N.E. Mayo.”’? 

Attention is now directed to the rocks of the Pomeroy series, 
which are evidently much newer than the metamorphic rocks north 
of them (Arenig group), although both groups are called Lower Silu- 
rian in the Geological Survey Memoir descriptive of the district. The 
fossils of this series are of types indicating an age similar to the 
English Caradoc-Bala series: this, although important, is not conclu- 
sive evidence, on account of the zones of English Cambro-Silurian 
fossils occurring in the Irish Silurians. All the evidence on both 
sides was therefore given. 

The point of greatest interest with respect to the Pomeroy series 
is to determine the relation between them and the overlying ones of 
the ‘‘ Lower Old Red Sandstone” type: we believe this to be one of 
unconformability. Portlock, on the contrary, says in his Report that 
the latter seem to lie conformably on the former. His boundary of 
the Pomeroy strata has been left substantially unaltered by the Geo- 
logical Survey. If the southward part of his boundary between the 
two groups now in question in Shanmaghry were rightly placed, his 
conclusion would, in all probability, be correct, because the rocks 
above and below the geological horizon at that place evidently form a 
continuous sequence. But the more detailed maps which accompanied 
our Report (of which Pl. XVI., fig. 1, is a reduction) show that Port- 
lock’s boundary near Aghafad is probably incorrect, as the faults that 
shift the boundary in that part are ignored. He has there included in 
the Pomeroy series rocks which really belong to the ‘‘ Lower Old Red 
Sandstone” type. We believe that the boundary should be north of 
Shanmaghry, viz., at Aghafad (see Pl. XVI., fig. 2). The section at 
that place is the only nearly continuous one to be seen; and although 
it is not quite conclusive, it certainly suggests an unconformability 
at the red conglomerate there exposed. Elsewhere Portlock’s boun- 
dary would imply an unconformability between the two groups of 
strata in question. ‘The long narrow strip of ‘‘ Lower Old Red Sand- 
stone’? which he supposed to extend along the east side of the Pomeroy 
strata between them and the Carboniferous sandstone, if it really 
existed, would in all probability lie unconformably on the Pomeroy 
strata. But we cannot avail ourselves of this confirmation of our po- 
sition, for all the evidence that we could collect goes to show that the 
Carboniferous sandstone lies directly on the Pomeroy strata, without 
any intervening “‘ Lower Old Red Sandstone.’ Along the western 
side of the exposure of the Pomeroy strata, where Portlock’s boundary 
between the two groups now in question is correctly drawn, no ma- 
terial for a conclusion, one way or the other, respecting the relation 
of those groups can be obtained, on account of the numerous faults in 
that neighbourhood. 


1 Proceedings, Royal Irish Academy, ser. 11, vol. iii., Science. 
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The reasons for and against the unconformability between the rocks 
of the Pomeroy series and those of ‘‘ Lower Old Red Sandstone” type 


may be tabulated as follows :— 


For. 


The Aghafad conglomerate blocks 
seem to be the untransported debris of 
the basal bed of the “‘ Lower Old Red 
Sandstone”’; and if this dips at a simi- 
lar angle to the rocks a little way off 
towards the south, all ought to lie un- 
conformably on the fossiliferous rocks 
to the north. 

As the rocks at present appear, in the 
north-east corner of Cornamaddy, there 


seems to be an unconformability between 


the two series. 


The general strike of the rocks of the 
Pomeroy series would suggest that they 
extended unconformably under the later 
rocks to the west. Moreover, to the 
westward, about two miles N.E. of Six- 
mile-Cross, adjoining the Camowen ri- 
yer, there is a small exposure of rocks, 
yery like those of the Pomeroy series, 
standing at a high angle and striking at 
the later rocks. Unfortunately this ex- 
posure is so small, that it is impossible 
to say for certain the true age of these 
rocks. 

The rocks of the Pomeroy series ap- 
pear to be much more broken up and 
displaced by faults than the overlying 
rocks. 

The fossils of the Pomeroy series are 
almost entirely of English Caradoc-Bala 
types (Cambro-Silurian). 


To the 8. W. of the area of the rocks 
of the ‘‘ Lower Old Red Sandstone”’ 
type, at Lisbellaw, in the county of Fer- 
managh, there are rocks very similar to 
those of Pomeroy, and containing some 
fossils identical in species. On these 
Lisbellaw rocks the rocks of the ‘‘ Lower 
Old Red Sandstone ’’ type lie unconfor- 
mably. 


AGAINST. 


All the rocks in the Aghafad section 
have a similar strike, and dip in one 
direction. The rocks in Lurganeden, 
a little south of the Aghafad conglome- 
rate, are very similar, if not lithologi- 
cally identical, with some of the rocks 
of the Pomeroy series. 


In the valley at the N. E. of Corna- 
maddy there are evidently various con- 
current faults; therefore the rocks 
exposed may not fairly reveal the true 
position of the strata. 

If those rock tracts which are un- 
doubtedly faulted be neglected, in the 
other places the strike and dip of the 
rocks of both series appear very similar. 


Argillaceous rocks may be much more 
broken up and displaced by faults than 
others of the same group which are 
arenaceous. 

Fossils of Caradoc-Bala type occur in 
some zones of the Ivish Silurians of 
Kerry, Galway, and Mayo; and there- 
fore the occurrence of such is not con- 
clusive evidence in Ireland that the 
strata containing them are Cambro- 
Silurian. 

It is possible that the rocks of the 
“ Lower Old Red Sandstone”’ type may 
be in part equivalents of the Glengariff 
grits, that is, of the ‘‘ Passage beds”’ 
between the Silurian and Carboniferous. 
In such case it would be possible that 
although the rocks form a continuous 
sequence at Pomeroy, yet elsewhere, on 
account of an overlap, higher or later 
beds might lie unconformably on the 
Lisbellaw rocks. 


The balance of the evidence was considered by us to be favourable 
to the unconformability between the rocks of the Pomeroy series and 
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the overlying ones of the ‘“‘Lower Old Red Sandstone” type, and 
therefore to be confirmatory of the prima facie presumption afforded 
by their fossils that the rocks of the Pomeroy series are of Cambro- 
Silurian age. 


LisBELLAW FosstuiFrErovs Rocks. 


Two groups occur to the northward of Lisbellaw, the later lying 
unconformably on the older. 


c Red sandstone and sandy shales, with some ) 
green beds. At Lisbellaw there are mas- 


j ang ees | ‘¢ Lower Oxp 
sive conglomerates with inliers of green 


2. 2 ° ; > RED SANDSTONE”’ 
shales. The massive conglomerates ap- (Silurian) 
| pear to be very local, as they do not occur | : 
| to the north-eastward or westward. J 
Grey to dark blue shales, slates, and grits, 
with, in some places, green grits; some Ciaenvee 
le beds fossiliferous. They are occasionally g 
: wa a é ILURIAN. 
metamorphosed in part as if by paroptetic 
action. 


The rocks of group 1 occupy only a small area, in which there are 
few exposures; they are fossiliferous near the hamlet called the Slate 
Quarry. From the rocks seen and a knowledge of other Irish Cambro- 
Silurians it is suggested that they are probably on a somewhat lower 
geological horizon than the rocks of the Pomeroy series. From a 
letter received from Mr. W. Staunton, it would appear that this 
authority, judging from the contained graptolites, considers the rocks 
of the Pomeroy series to be the equivalent of the Lower Llandovery, 
or the uppermost rocks of Cambro-Silurian age. 
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PART IT; 
Patmontotocicat Notes. By W. H. Bary, F.G.S. 


_ The following Table includes a complete list of recorded species 
from the localities mentioned at the head of each column: to these 
are added some others, the result of our visit to the districts we pro- 
posed to investigate. 

The first column (No. 1) is that of the Pomeroy district, Co. Tyrone, 
celebrated for the beauty and variety of its fossils. The large number 
of 111 species are included in this list from that comparatively small 
area of strata. Amongst them the Trilobites, an extinct order of crus- 
tacea, number 27 species; Brachiopoda, 20 species; Mollusca-Conchifera, 
14 species ; Gasteropoda, 10 species; Pteropoda, 5 species; and Cepha- 
lopoda, 15 species: all these are Lower Silurian fossils of Caradoc-Bala 
types. The majority are described and figured in Portlock’s Report 
on the Geology of Londonderry, Tyrone, &c. The Trilobites include 
species, some of which, as Cybele rugosa, Remopleurides Colbit, Phacops 
Brongmartii, P. truncato-caudatus, Trinucleus concentricus, and TZ. setz- 
cornis, being identical with those of Caradoc or Bala age from England 
and Wales: others, such as Harpes Dorani, H. Flanagan, Ampyz 
rostratus, Asaphus gigas, A. radiatus, A. rectifrons, Illenus Portlockit, 
Staurocephalus globsceps, Stygina latifrons, and Bronteus Hibernicus, are 
exclusively Irish species. The Brachiopoda are next in importance 
to the Trilobites in respect to the number of forms; amongst them, 
Lingula brevis, Orthis fallax, and O. intercostata, are the only species 
at present known to be exclusively Irish; the others, although some 
of them, such as Discina oblongata, Orthis biforata, O. crispa, O. por- 
cata, Strophonema corrugatella, S. expansa, S. grandis, are eminently 
characteristic of Irish strata, also occur in England and Wales, and 
some of them in Scotland. SBivalve and univalve Molluscan shells 
(Conchifera and Gasteropoda) are not unfrequent in these grey schists. 
Amongst the former, Nucula-like shells, Ctenodonta, are plentiful, as 
many as six species being enumerated; it is very possible, however, 
that some of them may prove to be merely variations of form; Modio- 
lopsis and Ambonychia are also frequent. Of the Gasteropoda, or uni- 
valve shells, Euomphalus and Murchisonia are the most frequent. The 
Nucleobranchiata include three species of Bellerophon, and the Ptero- 
poda two species of Conularia, the remarkable spirally-coiled ZEvcu- 
liomphalus Buckland, and two species of Theca. Shells of Cephalopoda 
are frequent, particularly Orthoceras, which is represented by twelve 
species, four of which—O. breviconicum, O. elongato-cinctum, O. per- 
annulatum, and O. Pomeroense, are confined to this district; the curved 
Cyrtoceras inequiseptum is exclusively an Irish fossil, although it has 
also been found in beds of similar Caradoc age at Tramore Bay, 


Co. Waterford. 
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A sponge doubtfully referred to Cliona, a few corals, and some 
characteristic Graptolites, complete the list from the highly fossilife- 
rous strata of Pomeroy and neighbourhood. 

The fossils described from Lisbellaw, Co. Fermanagh (No. 2 of the 
Table), for the most part by General Portlock in the Report before 
cited, number ten species only, four of them being Graptolites, which, 
like those of Pomeroy, occur in dark-grey slates: three of these also 
occur at Pomeroy, one only, Graptolithus sagittarius, up to the pre- 
sent not having been recorded from that locality. The Bivalve shells, 
Mytilus cinctus and Cardiola semi-rugata, are exclusively confined to 
Caradoc strata, the first-named species also occurring in precisely 
similar rock at Pomeroy. The Cephalopod shell Poterioceras approxi- 
matum is likewise a typical Caradoc species, and exclusively confined 
to that formation. 

The fossils discovered in the course of this investigation in rocks 
previously described as Old Red Sandstone, at Cashelduff, N. W. of 
Ballaghaderreen, Co. Mayo, N. E. (No. 3 of Table), are undoubted 
Upper Silurian (as are other well-known fossils at Uggool, &c., in the 
immediate neighbourhood to the 8. W.), and of Upper Llandovery 
types. Seven species were identified from the collection made at this 
place on the occasion of our visit; four of these have a geological 
range from Caradoc or Bala to Upper Llandovery strata, two of them 
continuing on into Wenlock strata. Of the remaining two species 
one, Pentamerus oblongus, is confined to Llandovery strata, the other, 
Stricklandinia lirata, commencing in the Lower Llandovery, continues 
on to the Wenlock; both are, however, highly characteristic of Llan- 
dovery strata. 

We have included in the Table (Nos. 4, 5, 6, 7 and 8) certain 
Lower Silurian fossil localities in the West Connaught district, coun- 
ties of Mayo and Galway, and another (No. 9) from the Dingle district, 
Co. Kerry, for comparison. Column No. 4 tabulates the fossils from 
cliffs above Lough Bellawaum, Co. Mayo, all being of Caradoc-Bala 
types. Eleven species are enumerated from this locality (Explanatory 
Memoir of the Geological Survey to Sheets 83 and 84, p. 31), one 
being of doubtful identification: seven of them are Brachiopods, one 
Mollusca-Conchifera, two Nucleobranchiata, and one Cephalopod. 
Three of these fossils, viz., Leptena sericea, Orthis testudinaria, and 
Bellerophon bilobatus, range from Llandeilo to Llandovery strata ; 
three, viz., Lingula ovata, Porambonites intercedens, and Ctenodonta 
transversa, are confined to Caradoc strata; and three others, viz., 
Orthis biforata, Bellerophon trilobatus, and Orthoceras ibex, range from 
the Caradoe to Wenlock and Ludlow strata; all, therefore, are pre- 
sent in strata of Caradoc or Bala age, although some of the species 
commence in older formations, and continue on into newer. The 
fossils collected from the S. E. side of Mweelrea Mountain, in the 
county of Mayo (column No. 5), also indicate Caradoc strata: four 
species only are enumerated, all of which likewise occur in the pre- 
ceding locality. 
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At Uggool, Killary Harbour, Co. Mayo (column No. 6), the same 
fossiliferous strata of Caradoc age are prevalent, the number of forms 
being considerably increased. Seventeen species from this locality 
are included i in the list; amongst them, one coral, Heliolites tubulatus, 
a species ranging from Caradoc to Wenlock ; a crinoid referred to 
Glyptocrinus, five species of Brachiopoda, three ‘species of Gasteropoda, 
two Nucleobranchiata, all being characteristic of Caradoc strata; three 
of Pteropoda, exclusively Caradoc species ; and two Cephalopods, both 
of them having a geological range from Caradoc to Ludlow strata. 

At two places N. EK. and 8. W. of Toormakeady, in the counties 
of Galway and Mayo (column No. 7), fossils of Caradoe age occur in 
pink and grey brecciated limestone, very similar to that of the Chair 
of Kildare, both in lithological character, and the preponderance of 
Trilobite remains. The fossils consist of Crinoidal remains referred to 
Glyptocrinus, four species of Trilobites, of which three, Cheirurus 
bimucronatus, Cybele verrucosa, and Lilenus Bowmannt, commence in 
Caradoc strata, the two last-named species continuing on to the Llan- 
dovery and the first-named one to the Wenlock, whilst the ‘fourth, 
Phacops caudatus, has hitherto been recorded as commencing in Llan- 
dovery strata only, passing up into the Ludlow series. Here, how- 
ever, we have it associated with undoubted Caradoc fossils. From 
these localities eight species of Brachiopoda are enumerated, all of 
which are of Caradoc types, although some of them commence in the 
Llandeilo formation, and others continue on to Wenlock, and even 
Ludlow strata. . 

From Lough Muck, Co. Galway (No. 8), only three species are 
recorded, all similarly indicative of Caradoc strata, viz., Graptolithus 
tenuis, having a geological range from Llandeilo to Caradoc, and the 
Gasteropod Mollusca Holopea concinna, and Iurchisonia obscura, both 
confined to Caradoc strata. 

The remaining column (No. 9), from Anascaul, Co. Kerry, in- 
eludes but three species—a Crinoid, the Polyzoan (Ptilodietya dicho- 
toma), and a Pteropod ( Conularia elongata) ; they are, however, highly 
characteristic fossils of the Caradoc formation. 
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PART III.—(4dstract.) 


Lithologically the Irish Silurians may be divided into coarse accu- 
mulations (‘‘red arenaceous” type) and fine accumulations (‘‘ green and 
grey argillaceous”’ type), generally containing marine fossils; the 
former being the rocks commonly called ‘‘ Lower Old Red Sandstone,” 
and by Jukes, ‘‘ Dingle or Glengariff Grits.” This division, how- 
ever, is no indication of relative age; for although the rocks of the 
first type are more often above the others, this is not always the case. 
On account of the Silurian strata haying been deposited in separate 
basins, the littoral rocks, usually coarse, must be on different horizons, 
as shown in the plate of vertical sections (Plate XVII.). 

The age of the British rocks called ‘‘ Lower Old Red Sandstone” 
has lately been prominently brought forward by Dr. Archibald Geikie, 
in his Paper ‘‘ On the Old Red Sandstone of Western Europe ;’’! and 
as his conclusions intimately concern the Irish rocks, they are now 
mentioned. 

Geikie considers the ‘‘ Lower Old Red Sandstone” of Great Britain 
to be a part of the same sequence as the typical Silurians, and he sug- 
gests five ‘‘ Basins of Deposition’ :— 


Lake Orcadia Basin. 

Lake Caledonia, or the Middle Scottish Basin. 
Lake Cheviot Basin. 

The Welsh Lake Basin. 

Lake of Lorne Basin. 


He TS) 


If these are extended into Ireland, the second might be called the 
Ulster and Connaught Basin, and the fourth the South Munster Basin. 
The last extends westward into Waterford, Cork, and Kerry ; it is 
thus briefly mentioned on account of its having to be referred to again 
in the present inquiry. 

The western extension of the Caledonian Basin is first met with in 
Ireland, near Cushendun, on the east coast of Antrim, in a small tract 
, of conglomerate, apparently a portion of the shore beds; but westward 
and southward the associated rocks are covered up by Mesozoic and 
Cainozoic rocks; in addition to which, at Lough Neagh they must be 
shifted or ‘‘ heaved” southward by the N. and S. faults of that valley. 

In south-east Londonderry, in the neighbourhood of Draperstown 
and Moneymore, there are red arenaceous rocks of uncertain age, 
which probably may hereafter be found to be outlying portions of this 
basin; but further southward, in Tyrone and Fermanagh, the large 
tract "(Fintona district) of “Lower Old Red Sandstone, a” appearing 
from under the Carboniferous rocks 8.E. of Pomeroy and ext nding 
westward to the Carboniferous rocks of the Erne Valley, seers un- 


1 Trans, Roy. Soc. Edin., vol. xxviii. 
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questionably to belong to it. These rocks, as previously mentioned, 
lie unconformably on the Arenig rocks to the north, and on the Cambro- 
Silurians at Pomeroy and Lisbellaw. To the eastward, near Pomeroy, 
and to the westward, in the Topped Mountain district, these rocks are 
usually of a red colour and very arenaceous ; but 8.E. of Six-mile-Cross, 
where they appear to be best developed, there are, below, red arenaceous 
rocks with subordinate limestones and shales; above, there are green 
sandstone and shales, with a few limestones; while higher up there 
seem to be red arenaceous rocks. This, as will hereafter appear, is 
very similar to the section in the Ballaghaderreen district, Co. Mayo. 

Further westward the rocks of this basin were again shifted or 
‘‘heaved”’ southward by the faults of the Upper Lough Erne and 
parallel valleys, they appearing from under the Carboniferous 8.E. of 
Lough Allen, near Drumshambo (Co. Leitrim). They are cut off on 
the westward by a down-throw to the west; but they shortly again 
appear east of Lough Key and in the Curlew Mountain district, the 
rise of ground from Lough Key, past Lough Gara, to the country N.W. 
of Ballaghaderreen (Counties Roscommon, Sligo, and N.E. Mayo). 
In the Curlew Mountains the base of these rocks is not exposed; but 
to the westward, between Ballaghaderreen, it is so, they resting un- 
conformably on metamorphic rocks, either of Cambro-Silurian or 
Cambrian age, as mentioned in the Paper ‘‘On some supposed Cam- 
brian Rocks in the Co. Tyrone and N.E. Mayo.” 

The mass of the rocks of the Curlew Mountain district belongs to 
the red arenaccous or ‘‘ Lower Old Red Sandstone”’ type, except per- 
haps in the low country N. W. of Ballaghaderreen, where below and 
above they are of this type, but between they are of the ‘‘argillaceous’’ 
type, as more fully mentioned hereafter. All these rocks are evi- 
dently detached portions of the basin, other portions of which are 
found further south-westward, in the neighbourhood of Clew Bay, as 
in the Croagh Moyle, Mulrany, Clare Island, and Louisburgh districts. 
The rocks in these places, for the most part, are of the red arenaceous 
type; although in Clare Island and near Louisburgh there are greater 
or less thicknesses of red argillaceous rocks. All these rocks from 
Ballaghaderreen westward lie unconformably on metamorphic rocks, 
which are either Cambro-Silurian, or passage rocks into the Cambrian 
(‘‘ Arenig group,’’ Upper Cambrian). 

Immediately south and south-east of Louisburgh, at Creggaunbaun, 
and thereabouts, the Silurian rocks are, for the most part, metamor- 
phosed, those that are unaltered belonging to the ‘‘argillaceous” type. 
This is remarkable, because to the south thereof, in the Mweelrea dis- 
trict, the rocks are principally of the red arenaceous type. The 
Mweelrea district is a portion of the large Silurian area that extends 
from Loughs Mask and Corrib, on the east, to the Atlantic, on the 
west, in which the rocks of both types are intermingled. This area 
occupies portions of 8.W. Mayo and N.W. Galway. 

In the counties of Cork and Kerry are the rocks belonging to the 
western extension of Geikie’s ‘‘ Welsh lake basin.”” Their base is said 


KInAHAN AND Batty—Report on Rocks, &c. 489 


not to be exposed in the counties of Cork or Kerry'; but in the Com- 
meragh Mountains, Co. Waterford, there are conglomerates and other 
rocks which the late Mr. John Kelly believed to be of similar age to 
those of Toormakeady; and if this classification is correct, they must 
be of Silurian age. To us it seems highly probable that they are the 
littoral accumulations of the Cork rocks. These Commeragh rocks rest 
unconformably on Cambro-Silurians. 

After this sketch of the Irish Silurians, including under that name 
the rocks called ‘‘ Lower Old Red Sandstone,” there are more de- 
tailed illustrations of the rocks of the Fintona, the Curlew Mountain, 
and the other, districts. 

In the Fintona district the general section in a 8.8.W. line, from 
the rocks of the ‘‘ Pomeroy series’’ to the flanks of the Altmore hills, 
gives rocks in the following order :— 


Aghafad and Lurgylea Section. 


4, Flaggy eurite. 

3. Space without any rock exposure. 

2. Purplish sandstones, flags, and sandy shales. 

1. Greenish and purplish sandstones, flags, and sandy shales. 


The eurites (No. 4) resemble compact basic purple felstones, but 
they are in general full of divisional planes like stratification, which 
are rarely two feet apart, and usually less than one foot, while in 
places they are so close together as to give the rock the aspect of a 
shale; but in the quarry lately opened at the Dungannon Water- 
works, in the Altmore river valley, there is a massive eurite, which 
seems to be at or near one of the centres of eruption. 

In the Aghafad and Lurgylea section the rocks east of, or below, 
the eurite (No. 4) cannot be seen; this space (No. 3) is probably occu- 
pied by rocks let down by faults and having a reversed dip, because a 
mile and a half to the E.S.K., in Glenbeg, eurites and tuffs occur dip- 
ping to the N.E. and E.S8.E., apparently in the following order :— 


Glenbeg Section (Pl. XVI., fig. 3). 


6. Yellow tuff. 

. Green, purple, and prismoid eurite (only the weathered outcrop 
seen). 

: Vales steatitic tuff. 

. Green and purple tuff. 

. Flaggy eurite. 

. Sandstone. 


On 


rm bo co 


1 Mr. M‘Henry appears to be of the opinion that some of the rocks in the 
Co. Kerry classed as Silurian ought more properly to be classed as Cambro- 
Silurian, they being the equivalents of the rocks of the ‘‘ Pomeroy series.”’ 


490 Proceedings of the Royal Irish Academy. 


These rocks dip away from Altmore; but the eurite (No. 2) is 
probably the representation of the lower eurite in the Altmore hills, 
as the section is somewhat similar to that to the westward, as seen at 
Shane Barnagh’s Sentry-box (Pl. XVI., fig. 4). 


Shane Barnagh’s Sentry-box Section. 


. Very shaly, purplish to greenish, tuffs and tuffose rocks. 
Shaly, purple eurite. 

. Green tuff; only the weathered outcrop visible. 

Bedded eurite ; beds rarely a foot thick. 

Conglomerate; only the weathered outcrop seen. 

Slaty eurite or tuff. 


Rew o ROO 


To the S.E., near the Back-bridge, good flags are raised in a por- 
tion of No. 3, while to the south thereof, nearer the bridge, the rocks 
belonging to No. 5 are so very shaly that, if found elsewhere, they 
would probably be classed as ordinary shales. 

The best and most continuous sections are in the country south- 
ward of Six-mile-Cross. They, however, are unsatisfactory, on ac- 
count of the numerous faults. The rocks seem to lie in the following 
order :— 


Section S.E. of Six-mile- Cross. 


6. Conglomerates and other arenaceous rocks. 

5. Green sandstones and shales, with limestones and calcareous 
beds. 

4. Red arenaceous rocks, with a few green beds and subordinate 
limestones. 

3. Fauir or tHe GrasHacH (now Dungannon and Omagh Railway 
valley). 

2. Thick eurite under a limestone (Aghnaglea). 

1. Shales and limestone near the Camowen, probably belonging 
to the ‘‘ Pomeroy series.” 


The shales and impure limestones (No. 1) probably belong to an 
outlying exposure of the ‘‘ Pomeroy series,’’ as previously suggested. 
The limestone in No. 2 was formerly extensively quarried, but the 
quarries are now planted by Lord Belmore.’ The limestone and asso- 
ciated beds (No. 5) in Tandragee are very similar to those in the 
country N.W. of Ballaghaderreen, hereafter described, but in the Tan- 
dragee beds fossils have not been found as yet. 

In the country southward of Six-mile-Cross, and in the neighbour- 


1Tt is probable that it was from this locality that the fossils were sent to 
Griffith of which he said, ‘‘ 1 got fossils from that country in rock very like the 
Toormakeady limestone, but never had time to visit the place myself.’’ See Note 
in Press, page 500. 
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hood of the Ballygawley eurite, there is, apparently, a vast thickness 
of conglomerates. It is probable, however, that the thickness of these 
is no more than apparent, and that here, as in the similar conglome- 
rates of Toormakeady, Co. Mayo, the conspicuous structural lines are 
only lines of oblique lamination. 

The interbedded eurites, like those in 8. W. Mayo and N.W. 
Galway, have their granitic roots in the older rocks. Thus four miles 
N.E. of Six-mile-Cross, at the Granagh stream, are rocks in part 
granite and in part elvan, while south of them is the eurite mentioned 
in the last section (No. 2), which seems to be on a lower geological 
horizon than the eurites, &c., of Altmore. Other roots occur in the 
metamorphic area north and north-west of Six-mile-Cross, and else- 
where. At the mearing of the counties of Tyrone and Fermanagh a 
mass of shaly eurite was observed and boulders of limestone; but 
time did not allow of that county being fully examined. Mela- 
phyres, similar to those that occur in the Mayo and Galway Silurians, 
are found among the rocks of the Fintona district. 

To the 8.W. of this area special attention was directed to the con- 
glomerate of Lisbellaw, which at that village occurs in mass on the 
Cambro-Silurians. Half a mile to the W.N.W., however, in the rail- 
way cutting, red sandstones are found close to the Cambro-Silurians, 
while in the stream at the N.E. end of Lough Eyes, two miles from 
Lisbellaw, the basal rocks are thin conglomerates, sandstones, and 
shales. Of the interesting blocks in the conglomerate, Mr. Thomas 
Plunkett, M.R.I.A., states that he ‘‘ can find no rocks in N.W. Ireland 
like them, the nearest approach being some of the rocks of West Done- 
gal.’”’ It seems probable that as these inliers are granulite, hornstone, 
quartzite, and other paroptetic rocks, similar to the ‘‘ baked rocks’’ of 
Cambro-Silurian age in other places in Ireland, that they may be de- 
rived from a now concealed mass of baked Cambro-Silurians, while 
the associated inliers of green shale may be the dedris of the unal- 
tered rocks. A characteristic of the red arenaceous rocks of the 
Topped Mountain district, to the northward of Lisbellaw, is the pre- 
sence of innumerable inlying pieces of red, purple, and sometimes 
green shale. If we may judge from what goes on at the present day, 
these inliers were small pieces of clay rolled over the sand by the 
wind, and afterwards flattened out; but where the source of supply 
was situated it is hard to conjecture. 

Of the ‘‘Lower Old Red Sandstone”’ of the Curlew Mountain district 
the most eastward exposure is to the S. E. of Drumshambo, on the 
eastern side of the Shannon. Both types occur here; those of the 
‘‘oreen’’ series underlying a small thickness of the red; no fossils 
have been found as yet, although one bed at least looks likely to yield 
some, if sufficiently searched. It is possible, if not probable, that 
these rocks are on a much lower geological horizon than those to the 
west of the Shannon, east and west of Lough Key. The rocks west- 
ward of Lough Gara seem to be the oldest in the Curlew Mountain 
district, the basal beds cropping out in the country between Charles- 
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town and Ballaghaderreen. The rocks, to a certain extent, belong to 
both types, as in the Fintona district, to the south-eastward of Six- 
-mile-Cross; but at the same time, except that in a few green and cal- 
careous beds, fossils of typical Silurian (marine) species have been 
found, all would have been included in the ‘‘ Lower Old Red Sand- 
stone.’”’ These rocks give the following sequence :— 


Cashelduff and Ballaghaderreen Section. 


5. EKurites, tuffs, and limestones, over . . . . . 200 feet. 
4. Purplish, red and greenish conglomeritic sand- 
stones and sandy shales, about . . . . . 65000 feet. 


8. Green conglomeritic sandstones and shales, with 
a few thin impure limestones, and some subor- 


dinate red shales, about. . . . . . . . 4000 feet. 
2. Red and purplish conglomerates, sandstone, and 
sandy shales},abouti 4.1) 0.5) 2 nc oul 2 lOO ORcete 


10,700 feet. 
Unconformability. 


1. Metamorphosed Cambro-Silurians or Cambrians. 


The rocks in group 2 are exposed in a continuous section in the 
stream between Cashelduff and Cranmore, there being an uncon- 
formability between them and the underlying metamorphic rocks; 
they may possibly be a little thicker than represented, as a fault, 
with a downthrow to the southward, crosses the section, and may 
conceal some of the beds. The rocks in group 3 are not as well ex- 
posed, while the thicknesses of groups 4 and 5 had to be estimated. 
A little above the base of group 8, in the Cashelduff stream, are two 
fossiliferous bastard limestones; the fossils being principally of Upper 
Llandovery types, although a few are of Caradoc-Bala species (see 
Mr. Baily’s list). To the west is Griffith’s fossil locality, in the 
boundary of Glenmullynamaher and Uggool, where the fossils are 
principally of Wenlock types, although in beds below and above 
(Cloonnamna) this bastard limestone, they are of Upper Llandovery 
species; showing here also, as elsewhere in Ireland, the mixing to- 
gether of species which in Wales are characterisic of distinct groups 
of rock. 

The rocks in groups 2 and 4 are so nearly allied that they would 
not have been separated but for the intervening fossiliferous strata. 
Furthermore, the intervening rocks (group 8) are not so very unlike 
“‘ Lower Old Red Sandstone,’’ except as to colour, and the few calca- 
reous and shale inliers; they being principally pebbly sandstones, 
with the inlying patches of shales so characteristic of the rocks of the 
Topped Mountain, Co. Fermanagh; they ought not, therefore, to be 
considered a separate group, but only a subordinate portion of a group. 
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A very similar change of colour takes place in the section of the Silu- 
rian rocks of Dingle, Co. Kerry (see Pl. XVI). The rocks of group 4 
are best exposed in the neighbourhood of Lough Gara: but no satis- 
factory section of group 5 can be seen, although enough is exposed to 
suggest that they lie in the trough of a shallow synclinal curve, and 
that they are of greater thicknesses in some places: they seem to 
be associated with subordinate beds of impure limestone, because, 
although the latter rock was not found 7 situ except at Lough Key, 
yet elsewhere fragments occur associated with the eurites. 

From the sections, it may be suggested that the rocks of the ‘‘Red 
arenaceous”’ type were either littoral accumulations, or depositions in 
shallow water; while the green beds seem to have been laid down in 
deeper water, which afterwards became shallow. In two places, viz., 
at Doon, on the west of Lough Key, and at Moy Gara, to the N. W. of 
Lough Gara, tracks, perhaps crustacean, very similar to those found 
at the Valencia Lighthouse, Co. Kerry, were observed. 

In the Curlew Mountain district, as well as in the Fintona dis- 
trict, there are remarkable peculiarities in the feldspathic rocks. As 
mentioned already, those of Fintona have a thin-bedded structure, 
which looks like the stratification of sedimentary rocks or tuff, 
although they appear to be eruptive; here, however, their tuff nature 
is undeniable. To this subject attention has already been directed by 
Jukes and Foot (Journ. Roy. Geol. Soc., Ireland, vol. 1., p. 247); but 
those observers appeared to be of the opinion that some of these rocks 
in the country between Loughs Gara and Key might be classed as 
normal eruptive rocks. In this Report it is pointed out that, to the 
westward, between Charlestown and Ballaghaderreen, there are roots 
of the eurites, elvans, and porphyries, occurring in the metamorphic 
rocks, while in the Lower Old Red Sandstone westward and northward 
of Ballaghaderreen there are bedded eurites and tuffs; but eastward 
in the Curlew Mountains the fragmentary and bedded characters are 
very decided, the euritoid rocks being breccias, grits, sandstones, and 
finely-laminated shales, all apparently having been re-arranged and 
deposited in water. From this it is suggested that the vent of erup- 
tion was to the westward; a characteristic of the vulcanicity being 

‘great discharges of tuff, or such-like mechanical products, which were 
subsequently re-arranged and deposited by water over a large area. 
This eruption must have been considerable, and for some time continu- 
ous, as otherwise the arenaceous rocks would have been interstratified 
with the tuffs, which does not seem to be the case. The isolated 
masses of these tuffose rocks on the Curlew Mountains are portions of 
the massive beds, separated and detached by breaks and denudation. 
The suggestion now offered to account for the phenomena just 
described accords with that proposed by Messrs. Du Noyer and Foot, 
in explanation of the similar phenomena to be observed in the rocks 
at Glenflesk, Co. Kerry. 

At Doon, on the west of Lough Key, melaphyres similar to those 
of N. W. Galway occur associated with the euritoid rocks. 
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In continuation of the account of the ‘“‘ Lower Old Red Sandstone” 
basin on the westward, short descriptions of the Silurians of 8. W. 
Mayo, N. W. Galway, and Kerry, appeared in the original Report. In 
the Croagh Moyle district, the “‘ Lower Old Red Sandstone” consists 
principally of conglomerates, which le unconformably on Cambro- 
Silurians or Cambrians (Avenig rocks). In places, under the con- 
glomerates, are red sandy shales and sandstones; while very similar 
rocks occur in the country to the N. W. No eruptive rocks occur in 
them; but in places at their margin are limestones in the underlying 
rocks,! which are somewhat similar to the limestones, the associates 
of the eurites in the Fintona district, to the N. E., and in the Toor- 
makeady district, a little to the southward. 

Adjoining Glew. Bay, near Mulrany, in Clare Island, and near 
Louisburgh, the rocks are somewhat similar to those of Croagh Moyle, 
except that red argillaceous rocks are more or less developed. In the 
north portion of the Louisburgh district these argillaceous rocks occur 
in mass; while in the south portion they are interstratified with the 
arenaceous. The Louisburgh beds constitute perhaps the latest divi- 
sion of the “‘ Lower Old Red Sandstone” in Mayo, as they lie against 
metamorphic rocks (having been brought into that position apparently 
by a fault), an unaltered portion of which, at Creggaunbaun, contains 
fossils principally of Wenlock types. The relative positions of the 
rocks of Louisburgh, those of Creggaunbaun, and those further south 
in Mweelrea, are shown in the horizontal section, Plate XVL., fig. 5. 

In the country to the south of the Croagh Moyle and Creggaun- 
baun rocks, and separated from these by Cambro-Silurian rocks, is the 
long narrow tract, extending from Lough Mask by the north of Kil- 
lary Bay to the Atlantic, including the Zoormakeady, Formnamore, and 
Muweelrea districts. Here, on the eastward (Toormakeady), there are 
massive conglomerates of the ‘‘ Lower Old Red Sandstone” type, 
under which are fossiliferous limestones and shales. The conglome- 
rates to the west of these in Formnamore merge into thin-bedded 
purple and green grits and shales; while still further westward, in 
Mweelrea, the rocks of the two types are more or less intermingled. 
That these different rocks are on one geological horizon seems proved, 
as below them are the continuous interbedded eurites and tuffs, which 
to the eastward are associated with the fossiliferous Toormakeady 
limestones and tuffs. The fossils of the latter are principally of 
Caradoc-Bala types, and similar fossils occur in green shales above the 
eurites to the westward in the Mweelrea district. This narrow area 
is remarkable; as there are not only rocks of the ‘‘ Lower Old Red 
Sandstone’’ type and those of the “‘ grey and green”’ series on the 
same geological horizon, but the fossils therein are principally those 
characteristic of the Welsh Caradoc-Bala rocks (Cambro-Silurian). 


1 Symes has stated that these calcareous rocks may be of Carboniferous age, 
being due to infiltration. 
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This tract is bounded on the southward by a fault with a down- 
throw to the south; south of which is a second long narrow tract, 
extending from Loughs Mask and Corrib to the Atlantic, on the south 
of Killary Bay. In this area the rocks are, for the most part, of the 
‘“srey and green type’’; but in places, as subordinate groups, some- 
times coming in quite suddenly, and usually below, are rocks of the 
““ Lower Old Red Sandstone” type; but the most conspicuous are the 
‘ Salrock slates,” above, and probably at or near the same geological 
horizon as the “ Louisburgh beds.” A peculiarity connected with 
the ‘‘Salrock slates”? is that, although the latest Silurian group in 
the county of Galway, the characteristic fossil is pronounced by 
Davidson to be of an English Upper Llandovery type. To the west 
of this tract, above the eurites, which are on the same geological 
horizon as those just mentioned as occurring at the base of the 
Mweelrea and Toormakeady rocks, there is a zone carrying Caradoc- 
Bala fossils; while below this zone the fossils are of species charac- 
teristic of the Upper Llandovery and Wenlock ; while to the eastward, 
on this lower horizon, in the neighbourhood of Loughs Mask and 
Corrib, the fossils have been pronounced by Salter, Harkness, King 
and Baily, to be of types similar to the English Wenlock and 
Ludlow. 

As the bedded eurites with their associated tuffs occur both north 
and south of the great fault that separates this tract from that to the 
north, it would appear that, although the rocks in the two areas were 
being accumulated at the same time, yet it was under very different 
circumstances, as to the depth of the sea and the animal life in the 
different portions of it. The changes in passing from north to south 
are very sudden, while those from west to east are more gradual: 
this is even more striking if we also take in the rocks farther north- 
ward. Ifa line be drawn from Croagh Moyle to Lough Corrib, the 
rocks at the northern end are the Croagh Moyle conglomerates, next 
are the Toormakeady conglomerates, with the fossiliferous limestones 
at their base (Caradoc-Bala fossils), and immediately south of them 
are rocks containing Wenlock and Ludlow fossils. Along a line from 
Mulrany, on the north side of Clew Bay, to the south side of the 
mouth of Killary Bay, the rocks exhibit even greater peculiarities, as 
shown in the following Table :— 


Mulrany.—Arenaceous rocks principally. 

Louisburgh (north).—Red argillaceous shales. 

Louisburgh (south).—Red argillaceous and arenaceous 
rocks interstratified. 

Creggaunbaun.—Green and grey fossiliferous rocks— 
(Wenlock type). 

DMweelrea.—Red arenaceous and green argillaceous— 
the latter fossiliferous (Caradoc- 
Bala types). 
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Great East anp West Fatt. 


Salrock.—Red slates (Upper Llandovery fossils). 

Upper Lough Muck Beds.—Ulandoyery and Wenlock fossils). 
Lower Lough Muck Beds.—(Caradoc-Bala fossils). 

Gowlaun Beds.—(Llandovery and Wenlock fossils). 


As to the Dingle promontory, Co. Kerry, although outside the pro- 
vince of the inquiry, it was pointed out that the rocks were both of 
the “‘grey and green”’ and of the ‘‘ Lower Old Red Sandstone” types, 
and that in the Anascaul beds there are fossils of Caradoc-Bala spe- 
cies! Of the other groups, the Smerwick beds, which are strati- 
graphically the oldest of the continuous sequence, are of ‘‘ Lower Old 
Red Sandstone” type, and unfossiliferous ; while above them are the 
grey and green fossiliferous Ferriter’s Cove series, and, higher up, the 
Croagh Marhin series, which are a combination of both types; some 
beds being light-coloured and fossiliferous, the fossils being for the 
most part of Ludlow species, while over all come the typical reddish 
arenaceous Dingle beds. 

A résumé in the original Report gave the relations between the 
different areas of the Silurian and underlying rocks. 


» 


Aw Eprrome oF THE RESULTS OF THE INQUIRY. 


Relations between the Silurian (‘‘ Lower Old Red Sandstone”) and the 
underlying and overlying Strata. 


Pomeroy.—In this immediate neighbourhood the rocks of the 
‘Red arenaceous” type seem to lie unconformably on the rocks of 
the ‘‘ Pomeroy series” (Cambro-Silurian), which they seem to overlap; 
north-westward, the rocks adjoining them are metamorphosed Cam- 
brians ; and southward they are overlain unconformably by Carbo- 
niferous sandstones. 

Sitxz-mile-Cross.—To the N. E. of this village, about a mile N. W. 
of Carrickmore, the Lower Old Red Sandstone lies against granite 
rocks of Silurian age; while about two miles 8. W. of Carrickmore, 
in the valley of the Camowen river, there appears to be under them 
an outlying mass of rocks of the ‘‘ Pomeroy series.” Some of these 
“Lower Old Red Sandstones” are of the ‘‘ Red arenaceous” type, in 
which there are subordinate limestones and greater or less thick- 


1 Jukes and Du Noyer have classed these beds as Silurians: but after more 
recent research we are informed by Mr. McHenry that he suspects that they 
ought to be classed as Cambro-Silurians; this was also Griffith’s classification, 
but solely on fossil evidence. 


. 


nesses of the rocks of the ‘‘ grey and green” type. Some of the lime- 
stones are probably fossiliferous. In the country N. W. of Six-mile- 
Cross the Silurians appear to le directly on the metamorphosed 
Cambrians. 

Lisbellaw.—Here rocks of the ‘‘ Red arenaceous’’ type le uncon- 
formably on Cambro-Silurians, while they are overlain unconformably 
by Carboniferous rocks. 

Drumshambo.—The Silurian rocks near this place are of both the 
‘¢ Red arenaceous”’ and the ‘‘ grey and green”? types. . They probably 
lie, as at Lisbellaw, on Cambro-Silurian, but their base is not exposed. 
They are overlain unconformably by Carboniferous rocks. 

Curlew Mountains —The rocks here appear to be some of the 
latest Silurians in N. E. Connaught, and to be on a higher geological 
horizon than the rocks of Drumshambo; also than those to the 
westward, N. W. of Ballaghaderreen. They are principally of the 
‘* Red arenaceous” type, although to the N. W. of Lough Key the top 
of the ‘‘ grey and green” rocks is seen. They are overlain uncon- 
formably by the Carboniferous rocks. 

Ballaghaderreen.—To the westward, and north-westward of Bal- 
laghaderreen, rocks of the ‘‘ Red arenaceous”’ type lie unconformably 
on metamorphosed rocks, which may be of either Cambrian or Cambro- 
Silurian age. In the rocks of the ‘‘ Red arenaceous”’ type is a mass 
of grey and green rocks, containing fossils of Silurian and Caradoc- 
Bala types. The rocks of the ‘‘ grey and green” type evidently con- 
stitute only an inlier in the others, similar to those near Six-mile- 
Cross; except that in the last, fossils have not as yet been found. 
The Silurians are overlain unconformably by Carboniferous rocks. 

Croagh Moyle.—Here the rocks all belong to the ‘‘ Red arenaceous”’ 
type; being principally conglomerates, although in one place at 
least there is below them a considerable thickness of sandstone and 
sandy shales. They lie unconformably on metamorphosed Cambrians 
or Cambro-Silurians, while they are overlain unconformably by Carbo- 
niferous rocks. 

Mulrany.—Uere are conglomerates, sandstones, and shales be- 
longing to the ‘‘ Red arenaceous” type, lying unconformably on 

> metamorphosed Cambro-Silurians, and overlain unconformably by 
Carboniferous rocks. 

Clare Island.—Although the rocks here belong to the ‘‘ Red 
arenaceous’’ series, there is in them a considerable thickness of red 
slates or shales. They lie unconformably on metamorphosed Cambro- 
Silurians. 

Lowsburgh.—Here, as in Clare Island, red slates and shales appear 
in the rocks of the ‘‘ Red arenaceous”’ type, especially in the northern 
portion of the area, where they are of considerable thickness ; while 
in the southern part they are interstratified with sandstone and con- 
glomeritic rocks. The rocks of part of this area lie unconformably on 
metamorphosed Cambro-Silurians, while the rest are brought down by 
a fault against metamorphosed Silurians. 
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Creggaunbaun.—In the greater part of this area the rocks are 
metamorphosed. Those that are unaltered are of the ‘‘ grey and 
green” type, and yield fossils of Wenlock and Upper Llandovery 
types. They lie unconformably partly on metamorphosed and partly 
on unaltered Cambro-Silurians. 

Mweelrea Mountains —The rocks here are partly of the ‘“ Red 
arenaceous”’ type and partly of the ‘‘ grey and green” type: the two 
types in places are intermingled. In some of the grey and green 
beds there are fossils principally of the Caradoc-Bala species. They 
lie unconformably on metamorphosed and unaltered Cambro-Silu- 
rians. 

Formnamore Mountains.—These rocks, although on the same geo- 
logical horizon as those of the Mweelrea Mountains, are, for the most 
part, of the “‘ grey and green” type, but no fossils have been found in 
them. They lie unconformably on metamorphosed Cambro-Silurians, 
and are capped by Carboniferous rocks. 

Toormakeady Mountains—Here a second change takes place; the 
rocks, although a continuation of the last, being nearly altogether 
massive red conglomerates; but at their base are limestones and tufts, 
carrying fossils of Caradoc-Bala types. They lie unconformably on 
metamorphosed and unaltered Cambro-Silurians ; while, like the rocks 
of the Formnamore Mountains, the Carboniferous rocks lie uncon- 
formably on them. 

Tract of Country between Cong, Lough Corrib, and the Culfin, on 
the Atlantic.—The rocks here are separated from those of Mweelrea, 
Formnamore, and Toormakeady, by a great nearly E. and W. fault, 
with a downthrow to the southwards. They are nearly altogether of 
the ‘‘ grey and green” type, but with them are associated remarkable 
subordinate sets of beds of the ‘‘red arenaceous’’ type. The upper- 
most beds, ‘‘ Salrock slates,’ belong to the latter, and have, as their 
characteristic fossil, one of an Upper Llandovery type; while lower 
down various types of fossils are intermingled—one zone carrying 
fossils of Caradoc-Bala species. These rocks lie unconformably on 
metamorphosed rocks of Cambro-Silurian and Cambrian ages, while 
they are covered unconformably by the Carboniferous rocks. 

Dingle Promontory.—The rocks (Anascaul beds) that are sup- 
posed to be the oldest in this district contain Caradoc-Bala species. 
Jukes and Du Noyer classed them as Silurians, while Griffith and 
M*Henry would put them among the Cambro-Silurians. Of the rocks 
forming a continuous sequence, the lowest (Smerwick beds) and the 
highest (Dingle beds) are of the ‘‘red arenaceous” type; the rocks in 
the intermediate groups are of mixed types, the ‘‘ grey and green” type 
predominating. The base of the rocks of the sequence is not seen; 
while on the Dingle beds the Carboniferous rocks lie unconformably. 

Glengariff Grits.—These rocks are principally of the ‘‘ red arena- 
ceous” type; their base is not exposed; while on them the Carboni- 
ferous rocks rest conformably in the country to the southward (West 
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Cork), and unconformably in the country to the N.E. (south-east 
Kerry and north-east Cork). 

Commeraghs ( Waterford).—In these mountains are conglomerates 
very similar to those of Toormakeady and Croagh Moyle, which were 
supposed by Kelly to be of similar age. They are possibly the littoral 
accumulations of the Silurians of West Cork (Glengariff grits). They 
rest unconformably on the unaltered Cambro-Silurians, while they 
seem to be covered unconformably by rocks of Carboniferous age. 


SmvurtaAn Evrires. 


These rocks and their associates are characteristic of the ‘‘ Lower 
Old Red Sandstone,” not only of Ireland, but also of Scotland. The 
Irish rocks are not all on the same geological horizon. It may be 
possible that they are the results of two periods of active vulcanicity, 
and, for the present classification, it may be supposed such was the 
case, and that they belong to two different zones. 


Upper Eurite Zone. 


Fintona District.—Eurites, tuffs, and calcareous rocks, at Altmore 
and N.E. of Fintona. The eurites and limestones eastward of Six- 
mile-Cross seem to be older than, while the eurites near Ballygawley 
seem to be of the same age as, those eastward of Six-mile-Cross. 

Curlew Mountain District—Tuffs and calcareous rocks of the 
country between Loughs Key and Gara. Near Ballaghaderreen, eurites, 
tuffs, and limestone. 

North-west Galway.—The bed of eurite in the ‘Salrock slates” 
of the hills south of Leenaun; limestones at Dernasliggaun and Rossroe ; 
and the newer eurites in the Kilbride promontory (Lough Mask). 

West Kerry.—Kurites and tuffs, Valencia Harbour. 

East Kerry.—Kurites and tuffs of Glenflesk, Lough Gitane, and 
the Horse’s Glen (Mangerton). 


Lower Hurite Zone. 


Croagh Moyle District.—The limestones at the base of the Silurians. 

Toormakeady District.—Kurites, tuffs, and limestones, at the base 
of the conglomerates. 

Formnamore.—Kurites at the base of the group. 

Loughnafooey.—Kurites and limestone in the vicinity of Loughna- 
fooey; oldest eurites and tuff of the Kilbride promontory (Lough 
Mask); eurites of Rinavore (Maum Valley). 

Mweelrea District,—Kurites at the base of the Silurians. 

Culfin.—Kurites of Benchoona and of the hills to the eastward. 

Dingle Promontory—Kurites and tuffs in the “ Ferriter’s Cove 
series.” 
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NOTE ADDED IN THE PRESS. 


From Glashagh, the valley adjoining Lord Belmore’s quarry, Mr. 
Thomas Plunkett, M-R.I.A., has sent me a piece of a fossiliferous 
boulder of a greenish argillaceous rock. This rock is very similar to 
some of the rocks of the ‘‘ Pomeroy series,”’ and contains fossils com- 
mon therein; but it is also similar to some of the green argillaceous 
rocks of Tanderagee. In these, however, no fossils have been found 
as yet. The principal fossil, Leptena serica, is one of the character- 
istic fossils of the Toormakeady Silurians, and therefore it may possi- 
bly occur in the Tanderagee ‘‘ grey and green beds.’”? The boulder 
could scarcely have come from the Pomeroy area, as the driftage from 
that was towards the south; but, as I have already suggested, there 
may possibly be an outlying exposure cf these rocks to the north of 
this place ; while it is also possible that the ‘‘Glashagh fault”? may 
bring up the rocks of the ‘“‘ Pomeroy series’? under the drift of the 
valley. 


EXPLANATION OF PLATES. 


Plate XVI., Fig. 1.—Map of the Pomeroy area, showing the probable extent 
of the rocks of the ‘‘ Pomeroy series’ and some of the 
eruptive rocks of the Altmore district. 

ns Fig. 2.—Aghatad section, showing the probable unconformability 
between the rocks of the ‘‘ Pomeroy series’’ and the 
“* Lower Old Red Sandstone.”’ 

os Fig. 3.—Glenbeg section, showing the reversed position of the 
eurites and tuffs. 

‘5 Fig. 4.—Shane Barnagh’s Sentry-box, section of the eurites, tuffs, 
and associated rocks. 

os Fig. 5.—Sections showing the relations between the Silurian rocks 
of Louisburgh, Creggaunbaun, Mweelrea, Salrock, and 
Lough Muck. 

Plate XVII.—Longitudinal section indicating the original position of the rocks 
in the Silurian basin between Clare Island, Co. Mayo, 
and Cushendun, Co. Antrim. The probable outline of 
the floor of the sea is indicated, while the faults that 
haye since shifted it are left out. 

55 Sections showing the relations between the beds in the Mweelrea 
and Partry Mountains with those to the north in Croagh 
Moyle. 

5 Three series of vertical sections: one showing the sections at the 
principal points in the main longitudinal sections ; 
another of the principal sections in the longitudinal 
section from Mweelrea to Croagh Moyle; and the third, 
the sections along the cross sections from Culfin to 
Louisburgh (fig. 5, Plate XVI.). 
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LXXI.—Pretmmary Report on THE EMBRYOLOGY OF THE MAMMALIAN 
Muscunar System. By B. C. A. Winpie, B.A. 


[Read, June 27, 1881.] 


Tue subject of the development of the muscular system is one which 
has up to the present time received very little attention. The litera- 
ture on the subject is extremely scanty, consisting only of a few 
Papers by Georg Ruge, of Heidelberg, and Cunningham, of Edin- 
burgh. 

In carrying out the investigations, for which I received last year 
a grant from the Royal Irish Academy, I have made a large number 
of microscopic sections of the manus and pedes of several puppies 
(foetal) of the tenth day. I have also made sections of the manus and 
pedes of human embryoes of various ages. In this preliminary 
Report I purpose giving a short description of the condition observed 
in the manus and pes of the foetal puppy of ten days. 

Prs.—Commencing at the distal extremity, the tendons of the 
flexor brevis digitorum (perforatus) are seen attached to the three 
central digits, and perforated by the tendons of the flexor longus 
digitorum (perforans). The bones at this point of section are of a 
somewhat rounded shape, flattened on their plantar aspect. 

Approaching nearer to the proximal extremity, the point of 
section passes through the four digits, to which the same flexor 
tendons are attached; whilst two slips of tendon from the extensor 
longus digitorum or brevis are to be observed on the dorsum of each 
of the three outer toes. 

A section through the centre of the metacarpal bones presents the 
following points for observation :— 

Bones.—There is much less space between the three middle meta- 
carpal than between these and the first and fifth. The latter two 
also are of a much more regularly circular shape than the others. 

Tendons.—On the dorsal aspect slips connecting the extensor 
tendons with the bones. 

On the plantar aspect the tendons of the flexor longus digitorum. 

Muscles.—The interossei are all on the plantar aspect of the foot, 
and are ot the normal number and distribution. The fibres of the 
flexor brevis digitorum are visible, cut transversely. The flexor 
brevis hollucis and flexor brevis minimi digiti are also to be seen. 

A section through the proximal extremities of the metacarpals 
shows— 

Lones.—The three middle metatarsals are very close to one 
another. The first and fifth are closer to the remaining ones than in 
the previous section. The shape of the first and fifth, instead of 
being round, is now spade-like, or, more strictly speaking, like the ace 
of spades in shape. Cartilages, subsequently to ossify into sesamoid 
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bones in the tendons of the flexors, are observable on the plantar 
aspect of these two metacarpals. 

Tendons.—Those of the long flexors are to be seen. 

Muscles.—Interossei occupying the same positions as in the previous 
section. Four lumbricales are also present, situated near the tendons 
of the flexor longus digitorum. 

Manvs.—Sections passing through the distal extremity of the 
manus present a very close resemblance to those taken from the pes. 
The tendons of the perforating and perforated muscles lie in the same 
position in both. 

A section taken through the first phalangeal joint shows the 
cartilages, which, by subsequent ossification, become sesamoid bones 
in the flexor tendons. 

The most instructive section of the manus is one taken through 
the centre of the metacarpus. Such a section presents the following 
objects for observation :— 

Bones.—There is no space left between the third and fourth 
metacarpals, but a small one between the second and third and first 
and second, and for the most between the fourth and fifth. The 
three central metacarpals are of a somewhat oval shape. The fifth is 
more nearly circular, while the first is of this shape (" Je 

Tendons.—The slips attaching the extensor tendons to the bones 
are visible, as are also the tendons of the perforating and perforated 
flexors. 

Muscles.—The following are observable :—Flexor brevis pollicis, 
flexor brevis minimi digiti. Three lumbricales. The normal inter- 
ossei are present, but there is an extra interosseous muscle in the 
interspace between the second and third metacarpal bones. ‘This also 
differs from the others in its situation, the normal muscles lying to 
the palmar aspect of the metacarpals, and the extra one between the 
two before mentioned. It is interesting, as pointing to a possible 
original symmetry of the interossei in point of numbers; but before 
laying any stress on this point, I am anxious to discover whether a 
similar arrangement obtains in other canine manus. 

I hope soon to be in a position to lay before the Academy a more 
extended Report of my investigations on the human manus, which I 
am now carrying on. 

Having lately obtained a large supply of materials, in the shape of 
human fostus, I hope to be able to make a tolerably complete exam- 
nation of them. 

In conclusion, I desire to take this opportunity of thanking 
Dr. Macalister for materials and much kind assistance. 
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~LXXII.—On a Retarion To BE ESTABLISHED BETWEEN OOAST-LINE 
DIRECTIONS REPRESENTED BY GREAT CrRcLES ON THE GLOBE AND 
CERTAIN LocaLiTres IN EUROPE MARKED BY FREQUENCY OF HARTH- 
quakes. By Josepn P. O’Remuy, C.E., Professor of Mining and 
Mineralogy, Royal College of Science, Dublin. 


[ Read, November 14, 1881.] 


For the student of Geology no phenomena of Nature present a wider, 
more interesting, or more important field of study than Earthquakes. 
So sudden, so terrible in their effects, so difficult to observe, so mys- 
terious in their causes (even in the present advanced state of know- 
ledge), and therefore so insufficiently studied, every branch of science 
can find in them matter for observation and study second to none in 
importance. It might seem, therefore, that a complete, continuous, 
and systematic record of such events would be deemed indispensable 
for the progress of the natural sciences ; and such a record we possess 
in Mallet’s Report and Catalogue of Earthquakes up to 1850, pub- 
lished by the British Association, but for the subsequent years it is to 
be regretted that we have no continuous catalogue in English, such as 
those of Professors Perrey and Fuchs in France and Germany. 

That this is really a want must be evident from the interest excited 
by the increasing frequency and intensity of earthquakes in Central 
Europe, by the manifest desire to collect more precise and extended 
information as regards their occurrence, and by the admitted in- 
sufficiency of the theoretical views in vogue as regards their causes. 

The records of Professors Perrey and Fuchs, with difficulty acces- 
sible in Great Britain, are yet of the greatest value, and their exami- 
nation suggests the possibility and the desirability of bringing into 
more intimate relationship earthquakes, as phenomena, which are 
apparently quite independent, and have up to the present been only 
brought into connexion from the point of view of contemporaneity. 

Yet the dependency existing between volcanic action and earth- 
quakes is fully admitted; moreover, there is recognised a well- 
established connexion between volcanoes and great lines of jointing, 
" more especially sea coast-lines. It is therefore reasonable to assume 
that a similar connexion may be found to exist between these and 
earthquakes—that is to say, sea coast directions and lines of main 
jointing being recognised as the loci of volcanic actions, so evidently 
connected with earthquakes, should there not, consequently, exist 
some relation between these same directions, as representing lines of 
main jointing and localities markedly affected by earthquakes, far 
apart though they may be geographically ? 

In the present memoir I endeavour to establish such a connexion, 
parting from the Theory of Coast-lines Correlation, submitted to the 
British Association in 1878 (Dublin), and subsequently published by 
the Royal Irish Academy in its Zransactions (November, 1879). In that 
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memoir! I endeavoured to show that the direction of coast-lines in 
general is mainly due to jointing ; that this must be dependent on the 
mineralogical constitution of the rock or rocks in which it is developed ; 
that this constitution, variable at surface, must change in depth; and 
in so far as we have any knowledge of it for great depths, may be pre- 
sumed to be that of the trap-rocks or basalts; that these, when in 
great masses, frequently present a columnar structure, acquired by 
contraction; that the predominating angles of the prisms formed are, 
as observed at the Giant’s Causeway, of 110°,, 70°, 40°, and angles 
resulting from the combination of these. I further argued that secular 
contraction is admittedly going on in the crust and at the surface of 
the earth, but only locally, and therefore unequally; that there are 
being formed continuously in the earth’s crust points of maximum 
tension; that when rupture and consequent local contraction take 
place, there are produced planes of rupture or joints, which necessarily 
divide off and limit a certain extent of the earth’s crust, and give rise 
to polygonal forms at the surface of the globe; that these planes or 
joints being developed in massive rock, presumably of the nature of 
basalts, and of very great thickness and extent, give rise to polygonal 
or prismatic forms, presenting angles such as those observed in basalts ; 
that by reason of the predominance of certain angles these must repeat 
themselves, and give rise to directions of planes of jointing which at 
intervals are similar ; and consequently, that prolonging on the earth’s 
surface a system of jointing along which contraction towards the centre 
has taken place, this system, marked by its direction, should reoccur 
at intervals, and show a connexion or correlation with other directions 
through the intermediary of the predominating angles already men- 
tioned. 

This theory was supported by examples, and subsequently by the 
determination and comparison of the systems of jointing observable 
about the Bay of Dublin, which I showed to have manifest relations 
with the directions of the neighbouring coast-lines, in accordance with 
the theory submitted.” 

Such a theory, however, requires repeated and very direct proofs 
before it can claim acceptance. Ii well founded, it should admit of 
being pushed to its logical consequences, and such I take to be the 
connexion which I propose to establish between coast-line directions 
(or their correlated lines and parallels) and localities noted for their 
earthquakes. 

As a matter of fact all earthquakes, whatever their origin, must 
bring into play the systems of fissuring and jointing which have existed 
in the locality, tending, however, to modify them and to increase their 
extent and number. 


1 Qn the Prismatic Forms of a Group of Basalts, Giant’s Causeway.’’ (Roy. 
Trish Acad. Transactions, vol. xxvi., part 22, Nov. 1879.) 

2 On the Directions of the Main Lines of Jointing observable in the Rocks 
about the Bay of Dublin, and their Relations with the adjacent Coast-lines.’’ (Roy. 
Trish Acad. Proceedings, vol iii., ser. il., No. 5, Dec. 1880.) 
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Now, assuming as admitted, Firstly, the connexion between vol- 
eanic action and earthquakes; Secondly, the connexion between 
volcanic action and coast-line directions; and Thirdly, the connexion 
between coast-line directions and main systems of jointing, there 
should be a connexion existing between these coast-line directions and 
localities wherein earthquake action manifests itself. 

If, therefore, the earthquake records for a series of years be taken, 
and the localities mentioned be noted on a map; if, furthermore, the 
coast-line directions traced by me d priord on the globe be also laid 
down on this map, there should (if my theory be well founded) be 
apparent some relation between the earthquake localities and these 
directions or their correlated lines. 

It is this test, applied to the map of Europe, which I now submit 
for consideration, carried out by marking the earthquake localities 
noted in the records of Mallet, Perrey, and Fuchs down to 1880. 

In thus marking the localities mentioned, I was unable to distinguish 
between intensity and frequency of occurrence, except by hatching 
districts over which shocks have extended, and rehatching or cross- 
hatching, to mark the reoccurrence of the earthquake under the same 
conditions. For single localities, however, a simple round or small 
circle in red indicates that they have been cited as haying suffered at 
least one shock. 

No such map has been before prepared, and the present one must 
be judged rather as an essay than as a complete work. If intensity and 
frequency could be represented on such a map, very interesting rela- 
tions would certainly be established thereby. If, moreover, such map- 
ping could be done on a globe, still more remarkable results might be 
expected to follow. 

An examination of the map shows that as the localities are multi- 
plied, so does their tendency to develop into certain lines become more 
marked; and considering, on the one hand, the meagreness and incom- 
pleteness of these records down to the middle of the last century, or 
commencement of the present, and on the other the shortness of historic 
time as regards the development of geognostical phenomena, the results 
manifested by the map must be considered as distinctly pointing to a 
law of connexion between coast-line directions and certain earthquake 
districts in Europe. 

Of the localities lying in Europe and around the basin of the Medi- 
terranean, which have been and continue to be marked by frequent 
and violent earthquakes, the following are the principal :— 


Italy and Sicily. 

The Adriatic coast-lines. 

Greece and the adjacent islands. 

The triangular space bounded on the west by the Rhone, on the 
south-east by the Mediterranean coast-line from Marseilles to Genoa 
and the prolongation thereof from Genoa to Trieste, and on the north- 
east by a line extending from the Vosges to the neighbourhood of 
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Trieste. (This triangular space takes in Switzerland and part of the 
Tyrol.) 

The Rhine district, extending from the confines of Baden and 
Switzerland to Holland in a direction nearly north and south, and 
presenting about one hundred miles in breadth from west to east. 

The Saxony district, more circumscribed, but perfectly well 
marked. 

Various districts in France, particularly the line of the Pyrenees. 

’Great Britain. 

The west coast of Portugal. 

The south-east coast of Spain. 

Sweden and Norway. 


Outside Europe proper, and in connexion with the Mediterranean 
nd Black Seas :— 


Asia Minor, especially the west coast and Sea of Marmora. 
The north coast of Africa. 

The Syrian coast. 

The line of the Caucasus. 


As explained in the memoir “‘ On the Prismatic Forms of a Group 
of Basalts,’’ I traced on the globe sixty-seven coast-line great circles, 
correlated by certain angular relations, and of these great circles the 
following traverse Europe and the adjacent continents :— 

No. 

2. East Cape Madagascar. 

3. West coast of Read Sea. 

4, East coast of Red Sea. 

5. Coast of Syria. 

7. West coast of Morocco. 

2. Southern boundary of the tertiary formation of the United 
States. 

13: East coast of South America. 

14. North coast of Africa. 

15. West coast of Portugal. 

16. East coast of England. 

23. Caucasus great circle. 

24. South-east coast of Africa (Sofala coast). 

28. Axis of Sumatra. 

32. North-east coast of Persian Gulf. 

50. Promontory of New Ulster. 

51. East coast of Sweden. 

58. East coast of New Zealand. 

52. West coast of Sweden. 

66. South-west coast of Australia. 


1 
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I have now to show in what relation these lines stand. 

First, with the localities in Europe marked by earthquake action ; 
and secondly, with similar localities outside Europe. 

In discussing the first point I shall confine my observations to 
those lines which the method employed in recording the earthquakes 
on the map has brought out prominently and distinctly, leaving aside 
for the present the less well-marked lines and less clearly-defined 
districts. 

The following may be pointed out as such well-marked lines :— 


1.—The Boundary Line of the Tertiary Formation of the Valley of 
the Po.—This line meets the coast-line direction No. 13 (east coast of 
South America) at Novara, making with it an angle of 70°. It is 
very remarkable by reason of the frequency of earthquakes along its 
direction. On it are situated Pavia, Piacenza, Parma, Reggio, Modena, 
Bologna, Imola, Faenza, Forli, Rimini, Ancona—all frequently cited 
on account of their earthquakes, the shocks either having been noted 
in a single locality, or at several localities along the line. 

Its prolongations north-west and south-east, within the limits of 
Europe and the coast of Syria, pass through many localities remarkable 
for the frequency and intensity of their earthquakes. Thus, on the 
north-west it traverses Mount St. Bernard, the Rhone at Tournus, the 
district about Tours, and cuts the coast-line of Finisterre at Landernau, 
an earthquake point. Towards the south-east it practically represents 
the axis of the Adriatic, cuts the Albanian coast at Durazzo, the 
Thessalian coast at Volo (both well known by reason of their frequent 
earthquakes), traverses the Sporades, cuts Rhodes at its northern point, 
and the Syrian coast about Ascalon, crossing the Dead Sea at its 
southern extremity. 

The coast-line between Genoa and Massa may be considered as 
parallel to it, and roughly the coast-line between Pescara and Brindisi 
on the east side of Italy. 

The coast-line from Ancona to Pescara may be considered as cor- 
related with it by the angle 40°, as also the coast-line between the 
Gulf of Policastro and Gulf of Santa Euphemia. 


I1.—WMarseilles, Toulon, and Laybach Line.—The ecoast-line direc- 
tion and earthquake locus just considered meets at Parma the very 
remarkable line extending from Marseilles and Toulon to Laybach, 
over a distance of about 500 miles, well marked by repeated shocks, 
sometimes local only, at others having extended along the whole line. 
This line might in reality be considered as extending to Barcelona, in 
Spain, and as regards correlation may be taken as making an angle of 
80° with the east coast of England direction (No. 56). 

It might also be considered as parallel to the direction of the 
Murcia earthquake zone, which, parting from near Almeria, is drawn 
on the map at an angle of 70° with No. 6 (west coast of Africa). 
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To the west this Marseilles-Laybach line cuts the Spanish coast at 
Cadiz; to the east it passes through Hungary, running about thirty 
miles north of the Balaton Lake, and parallel to its axis. It passes 
at Pesth, runs parallel to and to the north of the earthquake line 
which extends from Kardzag to Szathmar Nemeths. It there meets 
the earthquake line which extends from Lemberg in Gallicia to Her- 
mannstadt in Transylvania, making with it an angle of about 70°. 


Ill.— Last Coast of Sardinia Line.—At Parma the two last de- 
scribed directions are intersected by another, equally well marked— 
that is, the line represented by the east coast of Sardinia, drawn on the 
map at 80° with the north coast of Africa (No. 14), but which might 
also be considered as a parallel to the east coast of Sweden direction 
(No. 51). 

This east coast of Sardinia direction passes through Elba, runs 
parallel to the Leghorn coast-line, passes at Parma, between which 
city and Leghorn simultaneous shocks of earthquakes have frequently 
occurred, follows the west side of the valley of the Adige, and touches 
in its extension the western side of the Saxony earthquake district. 


IV.—Euast Coast of Sweden Direction. —This direction, nearly 
parallel to the last described, is much more distinctly marked in its 
characteristics as a line of earthquake action. 

Its correlation with the great circle coast-line directions is 40° with 
No. 50 (Promontory of New Ulster). 

That portion of it extending from Nordkdping to Karlscrona is 
well marked by its rectilineal direction. Farther south it passes at 
Prague, Undine, Rimini, and mouth of the Tiber; traversing the 
Tyrrhenian Sea, it cuts the African coast at Cape Bon and at Sfax. 
As regards this portion of the line, it may be remarked that up to the 
present (23rd July, 1881) there had not been recorded (in the lists 
consulted) any earthquake as having taken place along this coast of 
Tunis, although theoretically the extensions of the coast-line directions 
already described would point out this country as one of earthquake 
action. Now, owing to the presence of scientific observers in this 
country, within the last month or so we receive intelligence of an 
earthquake or earthquakes having taken place in and about the Gulf 
of Gades; and, furthermore, notice of the fact that the constitution of 
the country is volcanic. I cite this fact to show how those lines may 
be interpreted as regards districts but little explored, 

The section of this line between Rome and Rimini is one of the 
best-marked earthquake lines in Italy, while the section between Pola 
and Briick is also well defined as a direction by a series of points along 
which shocks have been continually occurring. Between Palermo and 
Naples a parallel to this coast-line direction seems to be marked out 
by earthquake movements, cited as haying extended from one point to 
the other (April 16, 1817). 


é 
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V.—Bari Coast-line Direction. 


V1I.—Policastro-Nicastro Coast-line Direction.—The southern or 
Calabrian part of Italy presents two coast-line directions, well marked 
by earthquake action, the one represented by the line extending from 
the Gulf of Manfredonia south-eastwards, the other by the Val de 
Diano and the coast-line on to Nicastro. This one is very strongly 
marked, and distinctly parallel to the great circle direction, south-east 
coast of Africa or Sofala coast (No. 24). 


VIl.— East Coast of England Direction.—A very remarkable coast« 
line direction is that representing the east coast of England. It is 
correlated with the great circle direction No. 12 (River St. Lawrence, 
or southern boundary of tertiary formation, United States), by the 
angle of 40°. 

As shown on the map it runs parallel to the east coast of Iceland, 
traverses the Ferroe islands, parallel to the axis of the main island, 
runs along the east coast of Hoy island in the Orkneys, touches Scot- 
land at Kinnaird’s Head, runs parallel to the east coast of England 
from the Firth of Forth to the Wash; passes at Bruges, traverses the 
well-marked earthquake district which extends from the plateau of 
Langres by Geneva and Savoy to Nice; traverses Sardinia, cutting its 
coast-line at Cagliari;*cuts the Tunisian coast, passes at Tunis, and 
euters Africa proper at Jerba island in the Gulf of Gades. 

That portion which extends from the plateau of Langres to Nice 
only partially represents an earthquake line, although Geneva, Savoy, 
and Nice may be considered as constituting one; but the parallel to 
this coast-line represented as passing through the island of Elba pre- 
sents a well-defined character. Thus parting from the Shetland 
islands, it traverses the Zuider Zee at Harderwick, and marks well in 
its extension the western boundary of the Rhine valley earthquake 
district. The central axis of this, which may be taken as extending 
from Gross Gerau to Stuttgard, is parallel to it. The continuation of 
that axis, from Stuttgard southwards to the vicinity of Parma, may 
also be taken as representing a line of earthquake action, though not 
so distinctly marked as the more northerly portion. 


VIII.— West Coast of Africa Coast-line Direction (Wo. 6).—This 
coast-line direction enters Spain at the Cabo de Gata, passes near 
Madrid, cuts the Santander coast at Santillana, crosses the Bay of 
Biscay, and meets the Irish coast at Cork—one of the localities in 
Ireland, the best marked as regards frequency of occurrence of earth- 
quakes. Its continuation northwards runs along the west coast of 
Iceland, and practically parallel to it. As an earthquake line it is not 
very remarkable over this extent, but there seems to bedeveloped parallel 
to it a line of earthquake localities, extending from Tarbes by Bordeaux 
and Nantes on to the coast of Dorsetshire, through the Channel islands. 
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This line is very distinctly marked, and may be considered as the axis 
of a zone or band which would include the eastern portion of Spain, 
the western half of France, Great Britain and Ireland, the Faroe 
Islands, and Iceland. 


1X.—The Almeria or Murcia Earthquake District may be considered 
as correlated with this line by the angle of 70°. It has a well-marked 
direction, and its extension eastwards represents the coast-lines of 
Tyiza and Majorca, crosses the northern part of Corsica, touches Elba, 
and traverses Italy from Piombino by Sienna Arezzo and Urbino— 
points well marked by repeated earthquake movements. 


X.—South-east Coast of the Adriatic (Allesio to Aolona).—This 
line, of no great extent, yet well marked as regards earthquake move- 
ments, is interesting from the fact that its parallel, lying between 
Bosnia-Serai and Ragusa, has been cited as a line along which simul- 
taneous earthquake action has taken place (June 27, 1869). Now, 
this line may be considered as making with the coast-line, north-east 
of the Persian Gulf (No. 32) an angle of 80°, and produced defines cor- 
rectly the line of the Danube between Waitzen and Essek, along 
which shocks have been cited as having occurred, parallel to which 
there is a very distinctly marked line of earthquake action represented 
by a series of points between Kesskemet and Petervasara in Hungary. 


As regards the coast-lines, properly so called, certain of them are 
well marked by the frequency of earthquakes and succession of the 
points at which they have been noted. This is the case as regards the 
west coast of Portugal, the north coast of Africa, the Syrian coast, the 
Adriatic. coasts, the western coast of Asia Minor, the north-east coast 
of the Black Sea, the southern coast of same between Samsun and 
Trebizonde. The northern or Cantabrian coast of Spain, so markedly 
rectilinear and so well defined by the great circle, No. 66 (south-west 
coast of Australia), is not cited as having presented remarkable earth- 
quake movements; yet the few localities cited in this respect are 
upon this great circle. Taking into consideration only those more 
remarkable coast-line directions, their parallels, and certain lines cor- 
related therewith, it may be advanced that they furnish sufficient 
evidence to justify the proposition, that between certain of these coast- 
line directions and localities in Europe markedly characterized by the 
frequency and intensity of their earthquakes, there exists a very dis- 
tinct relation of direction, and that this relation would be much more 
distinct were our earthquake records more complete, and if they had 
extended over a greater period of time than that corresponding to our 
chronology, « period so comparatively short so far as geognostical fac- 
tors are concerned. 

Many minor proofs of parallelism and correlation might be pointed 
out, and may be easily gathered from the examination of a map. 
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Thus, examining the Rhine valley earthquake district, it may be 
observed that not only is it well defined on the west by the east coast 
of England direction, but that, moreover, the locality of relatively 
greatest intensity, which may be taken as corresponding to Gross 
Gerau, occurs at the intersection of the great circle direction, Axis of 
Sumatra (No. 28), with the parallel to the coast of England passing 
through Elba. 

» Furthermore, the great circle direction No. 56, Promontory of New 
Ulster, passes somewhat to the south thereof at Strasburg and Carls- 
ruhe, and defines sufficiently the northern boundary of the Saxony 
central earthquake district. This district may, indeed, be defined as 
bounded on the north-west and south-east by this great circle, and a 
parallel thereto, and on the north-east and south-west by the great 
circle, east Cape of Madagascar (No. 2), and a parallel thereto. This 
great circle (No. 2), and those representing the east and west coasts of 
the Red Sea, are very characteristic in their intersections, and all pass 
through Iceland, and would suggest a possible connexion between the 
volcanic and earthquake activity of that island and localities situated 
on these great circle directions. Such connexion or simultaneity of 
action at points of a coast-line direction wide apart is demonstrated 
by the repeated occurrence of shocks at Greechen in Switzerland and 
Constantinople, on the same day and nearly same hour, both points 
being situated on a parallel to the north-east coast of the Persian 
Gulf (No. 32). It is evidently of extreme importance to follow out 
these relations, since, if established for points at great distances on 
great circle directions, every new relation thus established between 
phenomena apparently isolated and unconnected points towards a law, 
and would be of a nature to guide physicists as to the localities whereat 
seismographs may be most advantageously established for observation. 

These considerations lead up to the examination of the second point 
which I proposed to consider, that is, the relations to be established 
between these coast-line directions considered as great circles and loca- 
lities situated outside Europe, and noted for the frequency or intensity 
of their earthquakes. In order to do so in a summary manner I have 
detailed the points through which these great circles pass, printing in 
thick type the known earthquake localities, and in italics those known 
only on account of volcanic action. 


No. 2.—EAST CAPE MADAGASCAR. 


Antigonil Bay. 

Astone and Cosmoledo Islands. 

Abyssinia, ‘ : . Near Gondar. 

Nile, ; 4 é . At Syene, First Cataract, Mineah. 
Mediterranean Coast, . Arabs Gulf. 

Candia, . : 5 . Near Cape Sidero. 

Sporades. 

Eubea Island, . (Twelve miles east of). 


Killodromi Island. 
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Salonica. 

Servia. 

Hungary, Betwen Essek and Zombor, Mohacs, Funfkir- 


Austria, 
Bohemia, . 
Saxony, . - 
North Germany, 
Shetland Islands, 
Faroe Islands. 
iceland, 
Greenland. 
Canada, 


Oregon and California, 


Marquesas Island. 


Poumota or Low Archipelago. 


Sabrina Land. 
Kerquelan Land, 


chen, Balaton Lake. 
Vienna. 
Prague, Eger, Erzgebirge Mountains. 
Chemnitz, Leipzig, Dresden.: 
Elbe Mouths. 
(Seventeen miles south of). 


Vatna, Jokull, and north-west point of. 
Hudson’s Bay, Cape Churchill, Winnipeg and 


Deer Lakes. 
Cape Conception. 


(Thirty-three miles south of). 


No. 3.—WEST COAST OF RED SEA. 


Africa, : - 


Rhodes and west coast of 


Asia Minor, . 
Turkey, 
Servia. 
Hungary, 
Bohemia, . 
Silesia, 
Prussia, 
Denmark, 
Shetland Is., 
Faroe Is. 
Iceland, 
Greenland. 
Canada, 5 
Utah, n : 
Californian Coast, 
Marquesas Is. 
Paumota Group. 
Adelie Land. 
Sabrina Land, 
Bourbon Is., 


Seychelle Is. 
Gulf of Aden, 
Arabia, 

Red Sea, 
Cyprus, 
Asia Minor, 


Sea of Marmora. 
Wallachia. 


Makdishu, Somali Coast, Nile Mouths, Damietta. 


Samos, Mytelene. 
Kara Su. R., Sofia. 


Szegedin, Buda-Pesth, Kremnitz. 
Keniggratz. 

Gorlitz. 

Berlin, Potsdam. 

Ribe. 

Lerwick. 


Vatna Jokul, and north-west point of. 
Hudson’s Bay, near Port Nelson ; Winnipeg Lake. 


Salt Lake, south-east point of. 
Catalan Is. 


(Twenty-three miles east of). 


. 4.—EAST COAST OF RED SEA. 


Berbera. 

Mocha. 

Farsan Is., Head of Acuba Gulf. 

Fifty miles west of C. Arnauti. 

South Coast, C. Kiledonia, Sources of Menander, 
Twenty miles west of Ushak. 
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Hungary, 
Silesia, 

North Germany, — 
Denmark. 
Shetland Is., 
Iceland, 
Greenland. 
Canada, 


California, 


d13 


Debrezin, Karchan. 
Breslau. 
Landsberg. 


North Unst. 
Kressonaes, Glamn Jokul. 


Hudson’s Bay, North-west point Labrador, Winni- 
peg Lake. 
Course of River Colorado, Head of Gulf of Cali- 


fornia. 


Marquesas Is. and Society Is. 


Sabrina Land. 
Adelaide Land. 


Syrian Coast, 


Asia Minor, 
Circassia, 
Caucasus, . 
Russia, 


New Siberia, : 
North-east Siberia, 
Alentian Is., 
Sandwich Is., 
Society Is., 
Africa, 


Spain, 


France, 


England, 
Norway, 


Nova Zembla, 
Siberia, 


Sea of Okhotsch, 
Amour R., 
Sagalin Is. os 


No. 5.—COAST OF SYRIA. 


Solomon and Santa Cretz Ibe 


New Caledonia, 
New Ulster, 
South Shetland. 
South Georgia Is. 
Africa, 


Gaza, Beyrout, 
deroon. 

Near Sivas, Unieh, Black Sea Coast. 

Michelowski. 

Mount Papnii, near Ekaterinodar. 

Near Nyzni Novogorod, runs parallel to the course 
of the Volga between Tenatitin and Kaimishin. 

Head of Taimurski Bay. 

Chaunskara Bay, C. Alyastorski. 

Atcha Is. 

Tanils. _ 

Tahiti Is. 

South-west Coast, St. Helen’s Bay, cuts the Equator 
at 26° E. Long. near bend westward of Congo, 
Nile (2nd and 3rd cataracts), Egypt, Keneh, 
Peninsula of Sinai. 


Tripoli, Antioch, Iskan- 


. 7.—WEST COAST OF MOROCCO. 


Guadiana Mouths, Albuera, Caceres, Palencia, 
Salamanca, Mts. of Europe, Santander Coast, 
Deva R. Valley. 

Loire R. Mouth, St. Malo, 
montory. 

Brighton, North coast of Norfolk. 

Flekkifiord, West of the Naze, Sytle Fiord, Valley 
of the Tanie R. 


Cherbourg Pro- 


Jigansk, on the Lena; South-east course of the 
. Lena. 

Shanter Is. 

Mouths of. 

Jesso Is., north-east point of. 

Passes between them. 

South-east point of, Loyalty Is. 

C. and Mt. Egmont, Cooke’s Sound. 


West coast, Bissagos Is.; Morocco, West coast from 


C. Blanco to C. Juby. 
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No. 12.—SOUTHERN BOUNDARY TERTIARY FORMATION, UNITED 
STATES. 


Gulf of Mexico, : . Victoria Fort. 

Canada, . : ‘ . Lake Erie, Buffalo, Lake Ontario, Trenton, R. 
St. Lawrence (parallel to course of), Ottawa, 
Anticosti Is. (north-west point of), New Bruns- 
wick, Coast of the R. St. Lawrence. 


Labrador, . : : . South Coast, York Point, Straits of Belle-Isle. 

Treland, c : : . Shannon Mouth, Foynes. 

Wales, z : 3 . South Coast, St. Bride’s Bay, Oystermouth, 
Weston-super-Mare. 

England, . 2 : . Mendip Hills, Southampton. 

rance, i): : : - North of Dieppe. 

Switzerland, . : -. Basle. 

Tyrol, : ; : . Trent. 

Italy, o : ‘ . Wenice. 

Dalmatian Coast, . . Herzegovina and Montenegro. 

Turkey, . : . . Monastir, North of Mt. Olympus. 

Zigean Sea, : , . Skyros, Cos, Rhodes. 

Syrian Coast, . : . El Arish. 

Arabia, , : : . Mt. Siebam, C. Guardafiu. 

South Pacific, . : . Pamuan Is. 

Mexico, . a : . West Coast, near Guadalajala; CC. Corrientes; 


Zacatecas Territory. 


No. 14.—NORTH COAST OF AFRICA. 


Ceuta, “ : ‘ . Alboran Is., Coast of Algiers. 

Sicily, : : ‘ . Mt. Etna. 

Morea, : A , . Argos. 

Asia Minor, : ; . South Coast of, Malesso, Saletkeh. 

Cyprus, . : : . North of. 

Syria, ‘ E é . Antioch, Aleppo. 

Persia, : : : . Ispahan, 

Beloochistan, . : . Khozdar, Sheivan. 

India, : : ; . Wiziampatam. 

Andeman Is., 3 : . North Sentinel. 

Malaya. 

Borneo, ; : : . South-west point of. 

SambawalIs., . : . Kast point of. 

North Australia, : . Cambridge Gulf; runs parallel to south coast of 
Carpentaria Bay. 

New South Wales, : . OC. Byron. 

New Ulster, . : . Bay of Islands. 

Peru, : E : . North-west point of, Loja, Lobos Is. 

Ecuador, . . : . Santa Rosa. 

New Granada, : . Moreno, Orinoco R. Mouths. 

Madeirals., . : . St. Laurence. 


No. 15.—WEST COAST OF PORTUGAL. 


Mogador. 
Portugal, . ‘ : . OC. St. Vincent, Lisbon, Oporto. 
Spain, F P ; . Wigo, Santiago, Corunna. 


Treland, 5 : : . Waterford, Coast of Antrim. 
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Scotland, . 
Faroe Is., 

Spitzbergen, 
Kast Siberia, 


Nigui Kamtschatka 


Musquito Group. 
New Hebrides, 
New Munster, 
Liberia (Africa), . 
Sahara (Africa), 


Mull and Skye Is. 
Eastern group of. 
Hackluyts Headland. 
Nigui-Kolinsk. 


Southern Group of, Tanna Is. 

C. Foulwood to Ashburton. 

Monrovia Town. 

Parallel to line from C. Blanco to CO. Verd. 


No. 16.—EAST COAST OF ENGLAND. 


Yarmouth, 

Faroe Is., . 
Greenland, 
Barrow’s Straits, . 
Canada, 
Alaska, 
Sandwich Is., . 
Enderby’s Land. 
Africa, 


Sardinia, 
France, 


Balkan Mountains and 


Gulf, 
Baku. 
Sea of Azof. 
Russia, 
Carpathians, 
Germany, 
Holland, . 
England, 
Wales, 
Treland, : 
West India Is., 
Central America, 


Gallipagos Is., . 
Aukland Is., 
West Australia, 


India, 

Cutch Is., . 
Afghanistan, 
Persia, 


Pentland Head. 

Sunderoe. 

Scoresby’s Sound, C. York. 

Victoria Land. 

Great Bear Lake, North-west point of. 
Sitka Is., Falls of R. Francis. 

1° 20’ to the east of. 


Kaffraria Coast, R. Untainyoona, North-east 
coast of Tunis. 

Cagliari, Asinara Is. 

Antibes, Chambery, Dijon, Laon, Chalons. 


No. 23.—CAUCASUS MOUNTAINS. 


Naphtha Springs. 


Parallel to the course of the Dnieper. 

North side of, Eighteen miles south of Lublin. 

Berlin and Potsdam. 

Zuyder Zee, Texel. 

North coast of Norfolk, Nottingham, Derby. 

Carnarvon Promontory. 

Wicklow, Shannon (lower course of). 

Windward Pass. 

Costa Rica and Panama frontier, between Mount 
Chirigin and Pico Blanco. 

Easter Is. 

South of. 

South-west part of Seal Is., West Coast, Arrow- 
smith R. Mouth. 

East Coast, Sadras. 

Surat, Gulf of Cambay, Hyderabad. 

Kelat. 

Nisapoor. 
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No. 24.—SOUTH-EAST COAST OF AFRICA (FROM SOFALA BAY 


Sofala, . 

Marian and Cr ozettes Ts. by 
South Victoria, . : 
North America, 


Greenland, 
Europe, 


Italy, 


Africa, 


No. 


Nicobar Is. 

East Coast of aay S 
India, 

Caspian Sea, 
Caucasus, 

Sea of Azof, 
Carpathian Mountains, 
Moravia, 

Germany, . 

Rhine, 

France, 4 

Jersey. 

Azores, : 

West India Is., 
South America, 


Ecuador and Granada, 


New Zealand, 
Tasmania, 
Australia, 
Java Is., 


SOUTHWARDS). 


C. Corrientes. 

1° west of. 

Cook’s or Harvey’s Is. Group. 

Queen Charlotte Is., Provost Is., Wellington Bay, 
North Devon Is. (C. Horsborough). 

Melville Bay, Davy’s Sound, Verner Mountains. 

Mouths of Weser R., Minden, Hanover, Got- 
tingen, Bamberg, Noric Alps, Carnic Alps. 

Undine, Gulf of Trieste, Adriatic, Pola Coast, 
parallel to coast between C. Policestro and C. 
Santa Euphemia, Basilicata, Cosenza. 

East coast of G. of Sidra, East coast of Tanganaika 
Lake. 


28.— AXIS OF SUMATRA. 


Bomlipatam. 

Mooltan, Lehree Fort, Cabul, near Candahar. 
Karaboghaz Bay, Derbent. 

Ekaterinodar. 

Czernowicz. 

Hungary, Kesmak. 

Bohemia, Ireslau. 

Odenwald, Wurtzburg, Worms. 
Luxembourg. 

Brittany, Rouen, Caen, C. Ushant. 


About 2° north of. 

Spanishtown. 

Paraguana Peninsula, L. Mascaybo, New 
Granada, Medelin, Bay of Choco. 

North-west coast, from Beneventura Bay to C. 
Lorenz. 

South point of, South-west Cape, Long Is. 

North point of. 

Coast-line from Geelong to Australian Bight. 

South-west point. 


No. 32.—NORTH-EAST COAST OF PERSIAN GULF. 


Euphrates R. Mirae 
Aleppo, 

Asia Minor, 

Sea of Marmora, 


Turkey, 6 
Dalmatian Coast, 
Italy, 5 
France, = : 
Cubals., . C 
Nicuaragua, 
New Zealand, 
Tasmania, 
Australia, 


Lacadive Is. 
Arabia, : ‘ : 


Bagdad, thirty miles south-west of. 

Head of Iskanderoon Gulf. i 

Taurus Chain, Konieh, Karahissar, Broussa. 
Gallipoli. 

About forty miles south of Sophia, Bosnia Serai. 
Zara. 

Po River Valley, Mantua, Milan, Chambery. 
Rhone, at Lyons. 

Buena Esperanza Bay. 

Near the Lake, Leon. 

North point of Long Is. 

South point. 

South-west Promontory. 


Muscat Coast. 
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No. 60.—PROMONTORY OF NEW ULSTER. 


C. Maria, Van Diemen. 


South America, 


North-west Africa, . 


Spain, 2 
Pyrenees, 

France, 5 
Germany, . 


Russia, 
Siberia, 
China, 


Patagonia, Port Santa Cruz, C. Frio, and Coast- 
line to Espiritu Santo. 

From C. Blanco to Mazagran. 

Guadalquiver R., Seville, Toledo. 

Pic du Midi, Bagniere de Bigorre. 

Cantal, Chalons sur Rhone. 

Strasburg, Mannheim, Heidelberg, Wurtz- 
burg, Darmstadt, Weimar, Leipzig, Danzig. 

Ural Mountains, Pas Mer Mountains. 

Course of Obiat Surgutoi, Backal Lake, Oudonsk. 

Corea, Kinsin Is., Solomon Is. 


No. 51.—EAST COAST OF SWEDEN. 


Carlscrona, Stockholm, Gefle, Hermosand, Umea. 


North Cape. 
Siberia, 
Samoa Is., 


Atlantic Ocean, 
Africa, 


Italy, 
Adriatic, 
Austria, 
Bohemia, 
Prussia. 


Tchaon G., Amtschitka Is., Alustran Is. 

Oyolava Is. 

St. Thomas Is. 

Niger Mouths (parallel to Gaboon Coast), Tunis, 
C. Bon and East Coast. 

Rome to Pesaro. 

Trieste Coast and Gulf, Undine. 

Carnie Alps, Styria. 

Prague. 


No. 53.—EAST COAST OF NEW ZEALAND. 


Sabrina Land. 


Marian and Crozetto Is. 


South Africa, 
Algiers, 

Spain, 5 
Greenland, . 


Vancouver's Is., . 


Greenland, 
North America, 


South Victoria, 
Africa, 
Morea, 


C. Vidal. 

Timencen, Hilat. 

Vera, Lorca, Madrid, Escurial, C. Ortugal. 
South-east Coast, Baffin’s Is., Chesterfield Inlet. 
North point. 


No. 52.—WEST COAST OF SWEDEN. 


« 


Ardencaple Inlet. 

Smyth’s Straits, Alexander Cape, Great Bear Lake, 
Graham Is, 

Mount Erebus. 

Sofala Coast, Lybian Coast. 

Axis of. 
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No. 66.—SOUTH-WEST COAST OF AUSTRALIA. 


Tasmania, . 5 ; . South point. 

New Munster, . : . From Milford Sound to Ashburton. 
Gambar Is., : : . Paumoa Group. 

Central America, . : . Guatemala, Quisaltenango to C. Catoche. 
Cuba, 2 : : . North-west Coast. 

North America, . ; . Florida Point. 

Spain, : , 5 . Pyrenees, and Santander Coast. 
Sardinia, . : . Straits of Bonifacio. 

Southern Italy, : . Catanzaro. 

Candia Is. 

Red Sea, .. ; ; . Head of Gulf of Acaba. 

Arabia, . 3 : . South Coast, Dofar. 


These details show that the great circles marked on the map of 
Europe, in connexion with earthquake disturbances, traverse outside 
Europe, countries and districts more or less markedly subject to earth- 
quakes, or volcanic in their nature, and therefore it would be possible 
to refer to such great circles the several earthquakes occurring on their 
directions. This would be a first method of grouping, and would allow 
of comparisons as regards contemporaneity, or, what is of equal interest, 
regularity of interval between the shocks occurring at points distantly 
removed. 

The referring of earthquakes to great circle directions would, 
furthermore, facilitate the definition of those large extents of globe 
surface affected by great earthquakes, such as that of Lisbon in 
1755, which can be very conveniently defined in this manner. Such 
earthquakes, and indeed many others, have usually been represented 
as extending over an ellipsoidal or circular space. This mode of defi- 
nition can only be approximative, and when the limits are at all 
accurately determined, the surface affected usually presents a polygonal 
form. Thus the great earthquakes of 1811-13 are marked on Berg- 
haus’ map as extending over a triangular space, having for summits 
the Azores, the valley of the Ohio, and New Granada, that is to say, 
a polygonal form capable of being defined by segments of great circles. 

The northern side of this triangle corresponds fairly with the great 
circle (No. 55) axis of Bay of Fundy, which runs from Madeira to 
Omaha (Nebraska State), about the extent of that side of the triangle. 
It might, therefore, be correct, and would be convenient, to refer and 
define earthquakes relatively to the great circles along which or near 
the intersections of which they occur. This I have done in the present 
memoir for the Central Saxony earthquake district, so remarkably 
connected with the great circle directions No. 50 and No. 2, and 
parallels. 

I have also taken the records for 1870-78, and referred the suc- 
cessive earthquakes to great circle directions with very interesting 
results ; and in certain cases, where the limiting points are given, the 
concordance of the boundaries of the locality affected, with the coast- 
line directions passing thereat, is very remarkable. 
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Of the lines correlated with the great circles, and marked on the 
map, the following are the most remarkable :-— 


‘Angle of 


Great Circles. Lines. Correlation. 
With No. 5.—Coast of | Axis of Cyprus, : : : : 40°. 
Syria. 
L FS es Black Sea Coast, Environs of Kerasun 
and Trebizonde, . ; : : 70°. 
As Bh Ks North-east Coast of Black a Cir- 
cassian Coast, . : 70°. 
95 a ao West Coast of Caspian Sea, between 
mouths of Volga and Gulf of 
Kama, : . | Parallel to. 
Sy $5 +3 Volga Course, between Tzaritzin and 
Caspian Sea, : c : : 70°. 
35 96 A Volga Course, between Tzaritzin and 
Kamishin, . : P : . | Parallel to. 
oF aS aA Ural Range, from Shadmatra ‘to 
Ekatermburg, . c : é 40°. 
5) 39 50 Ural Range, north of Shadmatra, .| Parallel to. 
09 96 a North Coast of gett and Timan 
Range, : Ur 
op 9 35 East Coast of Black Sea, between 
Anaklia and Fort Santa Nickolai, 40°, 
With No. 16.—East Coast | Catania, Coast of Sicily, and West 
of England. Coast of Gulf of Taranto, . : 40°. 
With No. 6.—West Coast | Murcia Earthquake Zone, : ; 70°. 
of Africa. 
os as of Ebro R. Valley Line (an Earthquake 
Line), : : : ‘ : 40°. 
With No.32.—North-east | Line joining Bosphorus and South- 
Coast of Persian Gulf. east Coast of Crimea (an Earth- 
quake Line), : 5 : : 70°. 
oe 5p a Se nacee Coast of Adriatic, from 
«, Aolona to Alessio, ; 80°. 
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Great Circles. 
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Lines. 


Angle of 
Correlation. 


With No. 51.—EHast Coast | Coast of Tripoli, from Jerba Is. to 


— of Sweden. 


With No. 52.—West Coast 
of Sweden. 


C. Mesurata. 


South Coast of Gulf of Sidra, nee 
Zafran to Kudia, ‘ 


North-west Coast of Gulf of Cabes, 


Line joining Kalibia (Cape eee 
Malta and Barca Coast, 


South Coast of Sicily, 


South Coast of Gulf of Finland 
(Narva Bay), : 


Southern Shore of Lake Farouri 
(Tunis), 


South Coast of Crete, 

Coast of Egypt, from Milhr Bay to 
Galla Bay, : 

Axis of Euboea Is., . 

Axis of Lake Wetter, 

Kast Coast of (Eland Is., 


East Coast of L. Wener and Axis of 
Porsanger Fiord, 


General direction of Kiolin Moun- 
tains, 5 


80°. 


80°. 
40°. 


80°. 
UO 


70°. 


70°. 


70°. 


70°. 
40°. 
40°. 
40°. 


40°. 


40°. 
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LXXIII.—A Geromerricat REPRESENTATION oF A System oF Two 
Bryary Cusics AND THEIR AssocraTED Forms. By W. R. Wuxsrropp 
Rozerts, M.A. 


[Read, November 14, 1881. ] 


Ie 


Tue object of this Paper is to invest with a certain geometrical meaning 
the algebraic forms arising in a system of two binary cubics, that is, 
to construct geometrically points which shall represent the linear, qua- 
dratic, cubic, and quartic covariants of the system, and to express the 
vanishing of invariants by geometrical relations connecting such points. 
We may consider any binary quantic as derived from a system of three 
surfaces by assuming 


= p(X £2), We (a 2), Li 3(X1, £2), We pil, £2), 


equations which in themselves imply, by elimination of z, and 2, two 
fixed relations between X, Y, 7, W, denoting a fixed curve in space, 
while the given binary quantic, equated to zero, enables us to obtain 
a third such relation. The transformation here employed is one in 
which ¢,, do, $3, py are cubic functions of 7, and 2. By linear trans- 
formation this substitution is reducible to 


NGS IBE, VW SaB eins, Z= Ly Lo", va 


the fixed curve in this case being evidently a twisted cubic. The 
equation of an osculating plane of the curve, the parameter of the 
corresponding point of which is 2: %, being (Salmon’s Geometry of 
Three Dimensions, Art. 368) 


Xa? - 3 Wate + 824," Lo = ane W= 0, 


the parameters answering to osculating planes through any point 0, 
the co-ordinates of which are X’, Y’, Z’, W’, are given by the 
equation 

te X'— 3 Y". 074, + 82’. 2,?2,—-23W' =0, 


the points of contact lying in the plane 
XW'-3YZ'+3Y'Z- WX'=0. 
But this plane passes through O, the given point. To any plane, 


then, corresponds a point O, the point of intersection of the osculating 
planes at the points where it meets the curve—a point which plays an 


2% 2 
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important part in the following investigation. It can readily be shown 
that if a point O’ lie in the plane corresponding to a point O, then 
O lies in the plane corresponding to O’, and the line joming O and O’ 
possesses a certain invariant relation to the curve. Also the locus of 
the corresponding points of planes passing through a given line is a 
right line, which may be called the corresponding line to the given 
one, their relation being reciprocal. 
Let us now consider the binary cubice— 


fae + 30,02 27 + 8a.%, 227 + a3 2,2 =a5=b3 =¢,5, &C., 
adopting Clebsch’s notation. 


By our transformation the binary cubic is transformed into a plane 
J, the equation of which is— 


MX+3a,Y + 8a,7+0a,V=0. 


Now it can be easily shown that the corresponding point of this 
plane is given by the equations 


X= As, V=—- tr, Z= MN, W ==. 
We shall call it the point 0. 


If. 


It is known that through any point O in space can be drawn one 
chord, meeting the curve in two points. Let us now determine these 
points, being given the point O. 

The co-ordinates of the line joining the points on the curve, the 
parameters of which are x: 22, ¥1: Y2, respectively, are easily found 
to be— 


a=AjAz, f= 4A}? — Ay Ay, 
b=2A,A,, g =-24,A), 
C= AG h = NGes 


where 
Ao = %2Y2, 2A, = HY2+ Yit2, Ay=X%1Y}. 


Now take two equations of the chord, viz. :— 


aX+bY+eZ =0, 
hY-fZ+aW=0, 
and these furnish us with— 


A, X+2A,VY+A,7 =0, 
Ao Vr 2A,Z + A,W= 0. 
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Tf we now suppose X=4;, Y=-m, Z=m%, W=—a, the equation 
determining the parameters of the two points in which the chord 
through O, the corresponding point of f, meets the curve is— 
(de = a") ane + (a a3 — a2) UyL_+ (aq a3 — Ay”) Loe —( 0) 
But this is the equation of the Hessian of f, or— 


ee = Noa ar QA, Ly LZ ae A, pe ry 


Thus, then, to the Hessian of f correspond the two points in which 
the chord through O meets the curve. 


Tif. 


I shall now show that the plane J passes through the line of inter- 
section of the osculating planes at the two Hessian points. To prove 
this, let us find the equation of the plane through O and this line. 

Let 


D.Gs Y', fe. Wa: Xe YG Lia VES 


be the co-ordinates of the two Hessian points, respectively, then the 
equation of such a plane must be— 


(XW -38YVZ'+3ZY'-WX')-p(XW"-3VZ" + 3ZY"-WX")=0, 


where 
. A= X + 38a," + 8a,4"' +a,W", 
p= X' + 84 Y' +38mZ' +4a,W’. 
Remembering that 


21 Yy = Ay 3 — Ay", 
LY2 tT Yi L2 = My A3 — Ar, 
L2Y2 = Qo A, = a’, 


we find, dividing by a factor yx, — x,y, that the equation of the 
sought plane is— 


Hence the plane f passes through the line of intersection of the oscu- 
lating planes at the Hessian points. If, then, the chord through O 
meet the cubic in real points, the plane iff must meet it in two: ima- 
ginary points, since the binary cubic is then the difference of two 
cubes. 
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IV. 
Let us now determine the co-efficients of the plane 
\XW'-8YVZ'+ 38ZY' —- WX') + p( XW" - 38YZ"+ 3ZY" -WX")=0, 
and we find, after a few obvious reductions, that it becomes— 


Rif (aras = 8M, Az + 2a) X + 38( doa dz + AP, — 2aya,?) V+ 3(2ay3 — dy AAs 
— Ax?) Z. + (Bay dz lz — My x? — 203°) W} =0, 


& 


but this is the cubic covariant plane Q. . 

We see, then, that the planes f and Q are harmonically conjugate 
with regard to the osculating planes at the Hessian points, and that 
since the Hessian of the cubic Q,? is the same as that of a,3, the cor- 
responding point of the plane @ lies on the chord through O, and is 
the harmonic conjugate of O with regard to the Hessian points. 
Hence, to the cubic covariant corresponds the plane through the inter- 
sections of the osculating planes at the Hessian points and the har- 
monic conjugate on the chord through O of the same point with regard, 
to the Hessian points. Again, if the point O lie at one side of the 
developable generated by tangent lines to the cubic curve from which 
a real chord can be drawn, two of the roots of the binary cubic are 
imaginary; if the point O lies on the developable, two roots are 


equal; and if at the other side, from which a real chord cannot be 
drawn, all the roots are real. 


Wee 
We can now discuss the system of two binary cubics and their 
associated forms, and shall adopt the notation of Clebsch in our inves- 
tigation. Let then f and denote the two cubics, A and qv their 


Hessians, Q and & their cubic covariants, and # and P their discrimi- 
nants.| We have then 


if = Ap Xi> 4p ody Ly Ho ar BAX, ood iP Oa Le? = as = 6,3 = (pd = &e. 5 


d = AX" ar 30, LyX aP 3O2X7 Be ar Os Le" = a. = BS = Ve = &e. 


There is one quartic form, (aa) a,’a,2, which we shall first discuss. 
The co-ordinates of the line of intersection of the planes f and ¢ are, 


A = M3 — A309, f= 9 (a2 — a0), 
b =8 (aa3— a0), G= 8 (doa9 — Apaz), 
a= 3 (203 - A302), h=3 (day = AA), 


= 


* See Note at end of this Paper. 


+ The reader is referred to Clebsch’s Theorie der Binaren Algebraischen Formen, 
§ 61. Vollstandiges System zweier cubischen Formen. 
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while the co-ordinates of a tangent line are 


2 2 2 
a=afar, f=3ufay, 
b=—25;°4,, G=2U 42, 
C— Bie h = nas 


Forming then the well-known condition that these lines should meet, 
we find 


By (dp ay — Oy My) + 2073? 2 (Mo a2 — 2.09) + Ly" ae" { do dg — Az + B(4A a2 — a2) } 
+ 2x (a3 — 01 ds) #2? + (dz03 — A302) 22* = 0, 
or, 
(aa) a,7a7=0. 


Hence, to the Jacobian of f and ¢ correspond the four points on the 
curve, the tangents at which meet the line f, ¢. 

It is to be observed that these four lines also meet the line corre- 
sponding to the line f, ¢. The Jacobian is thus geometrically shown to 
be a combinantive covariant, since it depends only on the position of 


the line f, ¢. 
VI. 


In addition to the forms f and ¢, and their cubic covariants, there 
are two cubic forms, 


(av) a Vz (aA) ae aN 


which we now discuss. 

Since the cubic covariant of the binary cubic is the evectant of its 
discriminant, it follows easily that the cubic covariant plane is the 
polar plane of the point O with regard to the developable. 

By taking the polar plane of a point on the line 00’ we find it to 
be of the form 


NQ+M yg tAk+ PH =0. 


Hence we have two new planes, g and &, giving rise to two cubic 
coyariants in the binary system, the leading terms of which are 


Pe ACRe NG OPEC WIRES 
Wisi da, Re Te eda? 
ky =a, ON, ees Les a ae 
‘9 = Pe al Te a CO ae 3 da,’ 


where 
Do = Ay Az — 8M My Mz + 20,3, 
Ky = ay? a3 — 309002 + 20,7. 
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Now it is easy to show that 


Jo= 3 { do (do a3 — ay lz) — 2a, (do dz — a,")} =F 
{a3 — 309 — 3( a, a2 — a, A) } A 


6 {a A; —a, Ao} +(aa)?a: 


hence 
gz= 6 (aA)a,A,+ (aa)*b2. 
And in the same way 
k,=6 (ay) a2V2— (aa) 8.3. 

We have now expressed g and £ in terms of Clebsch’s forms, and 
can represent them as follows :—The covariant g,° is transformed into 
a plane which is the polar plane of O’ with regard to the polar quadric 
of O. 

In like manner £,3 is transformed into a plane which is the polar 
plane of O with regard to the polar quadric of 0’. These theorems 


are immediate algebraic consequences of the method of generation of 
the covariants g and &. 


Vit: 


We now discuss Clebsch’s two linear covariants p, and 7,. 
If through a point X, Y, Z, W, and two points on the curve, the 
parameters of which are given by the equation 
AS — Ao@xr +r ZAM He + Aver = 0, 


we draw a plane, it will meet the curve in a third point determined 
by the equation 


a, {A, ¥+2A,7+ A.W} + 2,{A,.X+2A,¥+A,Z7} =0. 


And if we suppose that A is the Hessian of f, and that the point 
X, Y, Z, Wis the corresponding point O’ of the plane ¢, we find the 
above equation becomes 

(Aa)?a,=0, or p,=0. 


Hence the linear covariant p, is represented by the point in which 
_a plane through O’, and containing the chord through O, meets the 
curve, a similar construction representing z7,, where 7,=(Aq)’a,. 


VIII. 


We now turn to the quadratic covariants. The equation deter- 
mining the parameters of the points in which a chord through any 
point on the line 00’ is 


MNAZ+ 2 pO? + p2y2=0. 
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The forms A and vy have been discussed before, and it remains to 
attach a geometrical meaning to ©,2=(aa)?a,a,. Now, from any given 
point on the curve can be drawn two chords which will meet the line 
OO’, the above equation in X: » determining the points of meeting on 
00’; if, then, the co-efficient of Ay is zero, the chords drawn from the 
given point meet the line OO’ in two points harmonically conjugate 
with regard to O and O’. 

Hence ©,’ is represented geometrically by the two points on the 
curve; the chords from which, to meet the line OO’, divide it har- 
monically. 


IDG 


Let us now determine the tangent lines to the curve which meet a 
line through X,Y,Z,W, and a point on the curve the parameter of 
which is x,': 2’. 

The co-ordinates of a line through X,Y,Z, WV, and a point x: 2 


on the curve, are 
Ci Le oye en apt yee XCeS 
DS GSR, GS hs VE OGRE 
CSO SR Pa NG ania LE SARE. 


/ 


forming the condition that this lime may meet a tangent line, the co- 
ordinates of which are given by Y., and dividing by a factor 


(422! — 42%)”, 
we find 


xy ( Wey — Zx,/) + 20, 4,( Yao! - Za’) + ( Yay’ — Xx!) x7, =0. 


Suppose now the point X, Y,Z7, V to be the point O, and the point on 
the curve, the point p, or (Aa)’a,, the above equation becomes 


Ly. (AX! + Ay Ly!) + 2H, Hy. (dy Hy! + A X3!) + (G2 xy’ + A3.%2') x. =0; 


or (ap)a,7=0. We can easily express this in terms of Clebsch’s forms 
as follows :— 
=(aa)*a,0, 5 


hence 2(@A) @, = (aa)?{a,(aA) + a,(aA)}; 
therefore 2(@A)@,A, = a@,(aA) (aa) (aa) A, 
+(aa)?(aA)a,A,= 


a,(aa)(aA){a,(Aa)+a,(aA)} + (aa)?(aAd)a, A, 
=-4a,7(aa)(Aa)?. (See Clebsch, § 34.) 
Hence (pa) a,?=2(@A)@,A,. 


The three remaining quadratic covariants are constructed as fol- 
lows :— 
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Through O and the point p on the curve draw a line; then the 
two points on the curve, the tangents at which meet this line, represent 
the quadratic covariant (OA)A,©,. In the same manner the covariant 
(Ov), V2 is represented, while (Ay) A, VV, 1s represented by the points, 
the tangents at which meet the line Oz or the line O'p. 


xe 


We shall now discuss the six remaining linear covariants. 

We saw that the linear covariant obtained by drawing a plane 
through the corresponding point of a plane resulting from a binary 
form a,3, and two points on the curve given by the equation A,?=0, 
was (Aa)?a,. Now, if we substitute # for a, we find (AX)?A,, which 
is Clebsch’s form. 

To represent the covariant (A)?,, draw a plane through the 
chord through O, and passing through , the corresponding point of 
the plane X, this plane will meet the curve again in the required 
point. By a similar construction the covariant (vy Q)’ Q, is represented. 


XI. 


We now show how to represent the forms (7v)vy, and (pA)A,. 
We have shown how to construct the two points corresponding to the 
form (OA) A,©,, which we shall call for the moment p,?, and we know 
(VII.) that the linear covariant derived by drawing a plane through 
the two points given by p,?=0 and a third point a is (pa)’a,. Now, 


p22 = (@A)O,A,; 


therefore (pa)? = (@A)(@a) (Aa) ; 
but (aA) a,a,A, = (aA)a,7A, ; 
therefore (pa)’a, = (aA) (a®)?A,. 
Now, pz = — 2(@a)? a, ; 
therefore (pA)A, = — 2(@a)?(aA)A ; 
therefore (pa)’a, = —4(pA)A,. 


Hence draw a plane through O and the two points given by the 
equation (QA)A,Q,=0, which will meet the curve in a third point 
representing the linear covariant (pA) A,. 

In the same way the form (7v) Vv, 1s represented. 


XT. 


The two remaining linear covariants may be represented as fol- 
lows :—Construct the corresponding point of the plane containing the 
chord through O and the point 0’; the plane meets the curve in points 
given by the equation A,?y,=0, which we shall call #2 =A,’p,; 
through the corresponding point of the plane and the chord through 
O' draw a plane, meeting the curve in a third point given by the 
equation 

Chive — 0. 


=a — 
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Now RP =A) py; 
therefore 3,7, = 2A,A,p,+ A, p-,, 
or 8( Ry) ht, = 2(Av)A.(py) + (Av), 


which expresses (?v)?#, in terms of Clebsch’s forms. 
In the same way we can represent the form 


2(rv) (Av)v.t (vA)r- 


>:-GUAE 


We now turn to the invariants, of which there are seven, two 
being combinative. 

Let us seek the condition that the point O may lie in the plane ¢, 
and we know, by what we have proved in I., that when this condition 
is fulfilled, O’ liesin the plane fl 

Expressing the condition that the point a3, —d2, a, —d may lie in 
the plane OX + 30,¥+80,7%+a;,V =0, 
we find (aa)>=0, or J=0. 


Hence J yanishes when 0 lies in the plane of ¢; but in this case the 
line f, ¢, becomes identical with its corresponding line, and this rela- 
tion is evidently combinative, since it depends only on the line f, ¢. 

Q=0 is the condition that must be satisfied in order that f+k¢ 
may become a perfect cube; hence, when it vanishes it will be possible 
to draw an osculating plane through the line f, ¢, and for the same 
reason as-before this relation is combinative. It is easy to see also 
that when © vanishes that the line corresponding to f, ¢, or the line 
OO’ meets the curve. 

Now, Clebsch has shown analytically that 20=(p7), and we can 
show geometrically that when © vanishes, or that when the line 00’ 
meets the curve in a point O”, that the points p and z coincide. The 
point py is the point in which a plane containing O’ and the chord 
through O meets the curve again; but this plane contains the line 
00’, which, by hypothesis, meets the curve in 0”; hence, when 0 =0, 
, p coincides with O”, and in like manner zw is shown to coincide with 
O”, and therefore with p. 

The two discriminants have been discussed before as the conditions 
that the points O and O’ should lie on the developable formed by 
tangent lines to the curve, respectively. 

We now come to the invariants 


2 = (ai )’= (Ov), 

S=(aQ)? =(@A)’. 
Now it is easy to see that Sis the condition that O should lie in 
the plane A, or that the line f, X should coincide with its own con- 


jugate. S, in like manner, is the condition that O’ should le in the 
plane Q. 
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It remains to discuss the invariant Z=(Ay)*. The vanishing of 
this invariant may be geometrically expressed in various ways. When 
T=0, the planes through any chord and the four points in which the 
chords through O and O’ respectively meet the curve, form a har- 
monic system. Again, when Z’= O, the polar quadric of O passes 


_ through O'’, and vice versd. 


In this investigation I have adopted throughout the notation and 
procedure of Clebsch, which lends itself more readily than other 
methods to the identification of binary forms with their geometrical 
significations. 


NOTE ADDED IN THE PRESS. 


For convenience, I give a list of the invariants and covariants of a 
system of two cubics, of which there are, according to Clebsch and 
Gordan, twenty-eight forms in all, and which I discuss geometrically. 

Professor Cayley has, however, drawn my attention to the fact 
that two of the linear covariants (xa‘a® and xa’ a*) of Clebsch and Gor- 
dan have been shown to be non-fundamental by Professor Sylvester. 
See Sylvester’s ‘‘ Tables of the Generating Functions,” American 
Journal of Mathematics, t. ii. (1879.) 


Table of Covariants and Invariants of a System of Two Cubies. 


Seven Invariants— 
da. ; a‘, G05 G20 eens tog: @ a? 


(aa)?; (AA’), (A®)?, (Av), (v®)? (vv')?, (OA) (Vv) (Av). 
Six Linear Covariants— 


4 


BD) 


t0a, waa’; xa'a, LA a’, xe a, xa. 
(Aa)’a,, (Va)’a,; (aA)? (ad’) AY, (QV)? @, (HV) H, (av) (4V’) Ve: 
Six Quadratic Covariants— 
COG DOE Or ee Os Baa, xaa*, 
[Ne ©,’, Vir (AO) A,©,, (Av) ALN (v®) Vz Oz: 
Six Cubic Covariants— 
Co CO ea, eaa, Choe, ta 
afi as, QF, (Aa) A, a2, (ye) Ved hee 
One Quartic Covariant— 
«aa. 
(aa) a," 0,2. 
In this Table I have identified, at the suggestion of Professor Cay- 


ley, the Covariants given by Sylvester, with the notation of Clebsch 
and Gordan. 
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LXXIV.—Report on THE Botany oF THE MovUNTAINOUS PORTION OF 
Co. FERMANAGH TO THE WEST OF LoucH ERNE, AND THE ADJOINING 
District oF Co. Cavan. By Samvurn ALEexanper Srewazt, Fellow 
of the Botanical Society of Edinburgh, Curator of the Collections 
in the Museum of the Belfast Natural History and Philosophical 
Society. 


[Read, February 27, 1882.] 


Tue region to which this Report has reference is included in two 
counties, Cavan and Fermanagh, and lies near the western extremity 
of District X. of the ‘‘Cybele Hibernica.’”? That portion of Fer- 
managh situated near the western and south-western boundaries of 
the county possesses a more diversified surface than the eastern 
portion, and the numerous ranges of hills attain a much higher 
elevation. Even here, however, except where it adjoins Cavan, it 
can scarcely be called mountainous, but rather hilly and rocky. 
At Drumbad, near Lough Melvin, on the extreme west of Fer- 
managh, there is an elevated plateau, extending for several miles, 
where the hill-tops rise, in places, to over 1000 feet. This is the 
northern end of a system of hills and highlands that stretches 
southwards to Lough Macnean, and the borders of county Cavan, 
culminating in Belmore Mountain, near Belcoo. Belmore has an 
altitude of 1312 feet, while several other summits, at this end of 
the range, attain to heights of 1000 to 1200 feet. On passing over 
the boundary, and entering the north-west side of Cavan, the coun- 
try becomes more decidedly mountainous ; several summits approach 
2000 feet, and Cuilceagh exceeds that altitude. The rock strata consist, 
at the lower levels, of carboniferous limestone, rising to somewhere 
about 1000 feet; the rock- being, in many places, exposed in low 
cliffs and crags, which often impart a picturesque aspect to scenery 
. otherwise tame. Superimposed on these rocks we find, at higher 
elevations, thin beds of black shale, capped by massive, thick-bedded, 
sandstones and grits, forming a series of bare, bleak, uninviting 
mountains, unproductive alike to the botanist and the agriculturist. 

Though the Shannon has here its origin, yet there is no river of any 
magnitude flowing through the district; but many small lakes he in 
rocky hollows amongst the hills, while more extensive sheets of water 
stud the surface of the level country in all directions. It will be 
observed that the number of plants in the present list is not very 
large, a result which is due to several causes. The district being 
altogether inland, plants of the seashore, and those that prefer the 
proximity of the coast, are absent. The number is still further 
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restricted by the nature of the ground over which my observa- 
tions extended, which is almost entirely heathy and rocky, agricul- 
tural weeds being thereby, to a great extent, excluded. Nevertheless, 
there still remains the fact that a great degree of sameness was found 
to characterize the vegetation all over these mountains, and that the 
plants which have, in Britain, the widest range immensely prepon- 
derate. This will be shown if we analyze the list which follows, and 
compare its constituents with the entire Irish flora, as given in the 
“‘Cybele Hibernica.”’ For the sake of clearness I shall, in stating 
the proportions as regards the prevalence of the several British types, 
disregard fractions; such a degree of exactness not being essential, 
seeing that there is often a doubt as to which type a plant should be 
referred. The Irish flora contains representatives of each of Watson’s 
types of British vegetation, with the addition of a ‘‘ Hibernian type,” 
or a group of plants which do not occur in Great Britain. None of 
this latter group are included in my enumeration, and plants of 
Watson’s ‘‘Germanic type’ are also entirely absent. The ‘Atlantic 
type’”’ forms four per cent. of the Irish flora, but only one per cent. 
of those on my list. Plants included in the ‘‘ Highland type”’ make 
five per cent. of the species given in the ‘‘ Cybele Hibernica,” but 
only two per cent. of those in our district. Plants of the ‘“‘ Scottish 
type”’ constitute seven per cent. of Irish plants, but three per 
cent. only of this catalogue. The ‘‘ English type” claims about 
twenty-four per cent. of the entire Irish flora, but only five per cent. 
of those in our limited area. The Leguminose and Labiate are espe- 
cially strong in plants of the English type, but the paucity in this 
district of plants of these orders is apparent on reference to the sub- 
joined list. Lastly, the ‘‘ British type”? of Watson, which includes 
the species most widely spread, and usually the most abundant, sup- 
plies about fifty-eight per cent. in number of the plants of Ireland, 
but gives a proportion of eighty-nine per cent. as regards this 
mountain district of Fermanagh and Cavan. 

A very few plants which flower in early spring were not seen 
by me, and a few others could, no doubt, be added by any bota- 
nist having more protracted opportunities for the search; but the 
enumeration here given may be taken as substantially the flora of 
the district to which it refers. The only certain addition to the 
Irish flora, here recorded, is Potamogeton zizii (Roth), which I found, 
in small quantity only, in county Fermanagh. I have no doubt, 
however, but that this segregate will be found in other parts of the 
country, when carefully looked for. Professor Babington thinks that 
a bramble which I found in Fermanagh belongs to Rubus emersistylus 
(Maull.) = R. briggsiz (Blox.) As the specimens gathered are rather 
scanty, and as Professor Babington does not speak with absolute 
certainty, there must still remain some doubt as regards this form. 
As this is an interesting plant, not previously recognized in Ire- 
land, it is worthy of attention. : 
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The following plants are additions to the flora of District X., not 
being recorded for that district in the ‘‘ Cybele Hibernica,”’ nor in the 
Supplement published by Mr. A. G. More, in 1872 :— 


Arabis hirsuta. Myosotis cespitosa. 
Sagina nodosa. Callitriche hamulata. 
Linum catharticum. Habenaria viridis. 
Agrimonia eupatoria. LH. chlorantha. 
Rubus emersistylus. Potamogeton zizie. 
Rosa arvensis. P. pectinatus. 
Antennaria diorea. Scirpus setaceous. 
Arctium nemorosum. Phleum pratense. 
Hieracium anglicum. Aira flexuosa. 

HT, lasiophylium. Cystopteris dentata. 
Gentiana campestris. Chara aspera. 


LIST OF SPECIES. 


RaNUNCULACER. 
Anemone nemorosa (Linn.)—Cavan and Fermanagh. Shady places in 
the hills. 
Ranunculus flammula (Linn.)—Cavan and Fermanagh. Not at all 
abundant. 
R. ficaria (Linn.)—Cayvan and Fermanagh. Common in damp shady 
places. 


&. aeris (Linn.)—Cavan and Fermanagh. Common, and sometimes 
very luxuriant. 

&. bulbosus (Linn.)—Knockmore, Co. Fermanagh. Not very common. 
Nore.—I met with none of the Batrachian Ranunculi. 

Caltha palustris (Linn.)\—Cavan and Fermanagh. Frequent in wet 
fields and marshes. 


NYMPHAEACER. 


Nymphea alba (Linn.)—Cayan and Fermanagh. Frequent. 
Nuphar lutea (Linn.)—Cavan and Fermanagh. Frequent; the two 
. water-lilies seem to be about equally abundant. 


CRUCIFERZ. 


Nasturtium officinale (R. Br.) —Cayvan and Fermanagh. Common in 
ditches and slow streams. 

Arabis hirsuta (R. Br.)—Very sparingly on the limestone cliffs at 
Knockmore, Co. Fermanagh. 

Cardamine lursuta (Linn.)—Cavan and Fermanagh. On walls and 
waste ground. 

C. sylvatica (Link.)—Cavan and Fermanagh. Damp shady rocks. 

C. pratensis (Linn.)—Frequent in Cavan and Fermanagh. Meadows 
and damp pastures. 
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Sisymbrium officinale (Scop.)—Cayan and Fermanagh. Roadsides and 
waste places. 

Alliaria officinalis (Andrz.)—Co. Fermanagh. Occurs on limestone 
rocks at Knockmore, and occasionally on hedge banks. 

Sinapis arvensis (Linn.)—Cavan and Fermanagh. Fields and waste 
places. 

Capsella bursa-pastoris (D.C.)— Cavan and Fermanagh. ‘Blais banks 
and waste ground. 


VIOLACER, 


Viola palustris (Linn.)—Frequent in Cavan and Fermanagh. Boggy 
eround in the hills. 
V. sylvatica (Fries.)—Cavan and Fermanagh. Common. 


DRosERAcEz. 


Drosera rotundifolia (Linn.) 
peat bogs. 

D. anglica (Huds.)—Legland Mountain, Co. Fermanagh. Rare. 

Parnassia palustris (Linn.)—Knockmore and Carrick, Co. Fermanagh— 
Local. Wet rocky places. 


Cavan and Fermanagh. Frequent in 


PoLyGALACE&. 


Polygala vulgaris (Linn.)—Cavan and Fermanagh. Common on heaths 
and dry hilly pastures. 


CARYOPHYLLACER. 


Lychuis flos-cuculi (Linn.)—Cavan and Fermanagh. Meadows and 
damp pastures. 

L. diurna (Sibth.)—Knockmore, Co. Fermanagh. Scarce, dry shaded 
rocks. 

Sagina procumbens (Linn.) 
ground. 

S. nodosa (HK. Meyer.)—Co. Fermanagh. Rare; sparingly by the 
margin of Lough Navar, Drumbad. 

Stellaria media (Linn.)—Common everywhere. 

S. holostea (Linn.)—Shady rocks at Knockmore ; perhaps common. 

S. graminea (Linn.)—Not uncommon in Cavan and Fermanagh; seen 
occasionally. 

Cerastium glomeratum (Thuil.)—Very abundant, especially on the 
limestone in Cavan and Fermanagh. 

C. triviale (Link.)—Common in Cavan and Fermanagh, but less abun- 
dant than the preceding species. 

Spergula arvensis (Linn.)—Common in fields. 


Cavan and Fermanagh. Damp waste 
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HYPERICACER. 


Hypericum androsemum (Linn.)—Marble Arch, &c., Co. Fermanagh. 
Not common. 

HT. perforatum (Linn.)—Carrick, Co. Fermanagh. Not common. 

HI. pulchrum (Linn.)—Cavan and Fermanagh. Common on heaths 
and dry banks. 


GERANIACER. 


Geramum molle (Linn. )}—Frequent in Cayan and Fermanagh. 

G. lucidum (Linn.)—Frequent on the limestone rocks in Cavan and 
Fermanagh. 

G. Robertianum (Linn.)—Cayan and Fermanagh. Common. 


OXALIDACER. 
Oxalis acetosella (Linn.)—Common everywhere. 
Livacea. 
Linum catharticwm (Linn.)—Cavan and Fermanagh. Common. 
Lueuminosz. 


Ulex europeus (Linn.)—Cavan and Fermanagh. But not at all abun- 
dant. 

Trifolium pratense (Linn.)—Cavan and Fermanagh. Common. 

T. rex ns (Linn. )—Common everywhere. 

T. minus (Sm.)—Common. 

Lotus corniculatus (Linn.)—Common in Cavan and Fermanagh. 

Anthyllis vulneraria (Linn.)\—Knockmore, Carrick, &. Frequent on 
the limestone rocks. 

Vicia eracea (Linn.)—Common on hedge banks. 

V. sepium (Linn.)—Cavan and Fermanagh. Frequent. 

Lathyrus pratensis (Linn.)—Cavan and Fermanagh. But not at all 
abundant. 


RosacEz. 


Prunus spinosa (Linn.)—Common everywhere. 

Spirea ulmaria (Linn.)—Frequent througout the district. 

Agrimonia eupatoria (Linn.)—On limestone rocks at Knockmore, Car- 
rick, &c.; but not common. 

Alchemilla vulgaris (Linn.)—Cavan and Fermanagh. Frequent. 

A. arvensis (Linn.)—Cayan and Fermanagh. Not uncommon in cul- 
tivated ground. 

Potentilla anserina (Linn.)\—Cayan and Fermanagh. But not abun- 
dant. 

P. tormentilla (Nesl.)—Everywhere abundant. 

P. fragariastrum (Khr.)—Cavan and Fermanagh. Frequent. 

Fragaria vesca (Linn.)—Common on the hills. 
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Rubus ideus (Linn. )—Limestone rocks at Knockmore; but not common. 

RL. discolor (W. and N.)—Abundant. This is the common bramble of 
the district. 

R. koehleri (Weihe.)—Frequent throughout the district. 

R. emersistylus (Miull.) =. briggsi? (Blox. )—Specimens which I gathered 
near Derrygonnelly, Co. Fermanagh, were submitted by my 
friend Mr. T. H. Corry, M.R.I.A., &c., to Professor Babington, 
who kindly examined them, and, as the result of his diagnosis, 
informs us that he thinks them to belong to &. briggsi. It is un- 
fortunate that a suite of specimens sufficient to place the species 
beyond doubt was not collected. Brambles are sufficiently abun- 
dant in the district, but with less than the usual diversity of 
forms. 

Dryas octopetala (Linn.)—Abundant in one spot on the summit of the 
limestone cliffs of Knockmore, at the western end. This plant is 
evidently the var. a., and is the same form as that which occurs 
ou Ben Bulben, having the sepals beset with red glandular hairs. 

Geum urbanum (Linn.)—Cavan and Fermanagh. Hedge banks; but 
not abundant. 

G. rivale (Linn.)—Cavan and Fermanagh. Frequent on margins of 

- streams. 

Rosa tomentosa (Sm.)—Cavan and Fermanagh. Common. 

&. canina (Linn.)—Cavan and Fermanagh. Common. 

R. arvensis (Huds.)—Co. Fermanagh. Sparingly near Florence Court, 
on old road leading to Swanlinbar. 

Crataegus oxyacantha (Linn.)—Cavan and Fermanagh. Common. 

Pyrus aucuparva (Gaert.)—Carrick and Drumbad, Co. Fermanagh. 


ONAGRACER. 

Epilobium parvifiorum (Schreb.)—Cavan and Fermanagh. Common. 

F. montanum (Linn.)—Cavan and Fermanagh. But less plentifully 

than the preceding species. 

Circea lutetiana (Linn.)—Marble Arch, &c., Co. Fermanagh. 
HaALoRaGacEm. 

Myriophylium alterniflorum (D. C.)—Carrick Lake, Co. Fermanagh. 
PorTULACER. 


Montia fontana (Linn.)—Cavan and Fermanagh. Frequent in wet 
stony places. 


CRASSULACEZ. 
Cotyledon wmbilicus (D.C.)—Co. Fermanagh. On rocks at Carrick. 
SAXIFRAGACEA. . 


Saxifraga hypnoides (Linn.)\—Knockmore, Co. Fermanagh. 
Chrysosplenium oppositifolium (Linn.)—Cayan and Fermanagh. Fre- 
quent on wet rocks. 
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UMBELLIFER2. 


Sanicula ewropea (Linn.)—Cavan and Fermanagh. Knockmore, Car- 
rick, &e. 

Helosciadum nodiflorum (Koch.)—Cavan and Fermanagh. Frequent. 

Aigopodium podagrarva (Linn.)—-Cayvan and Fermanagh. Common. 

Bunium flecuosum (With.)—Cavan and Fermanagh. Knockmore, &c. 

Ginanthe phellandrium (Lam.)—Co. Fermanagh. Slow stream at west 
end of Carrick Lake. 

Heracleum sphondylium (Linn.)—Cavan and Fermanagh. Common on 
waste ground. 

Torilis anthriscus (Gaert.)—Cayan and Fermanagh. Everywhere abun- 
dant. 

Anthriscus sylvestris (Hofim.)—Frequent in Cavan and Fermanagh, 
but much less abundant than the preceding. 


HEDERACER. 


Hedera hela (Linn.)—Cavan and Fermanagh. Common. 


CAPRIFOLIACE. 


Viburnum opulus (Linn.)—Carrick, &c. Frequent in Co. Fermanagh. 
Lonicera periclymenum (Linn.)—Cavan and Fermanagh. Common. 


RUBIACEZR. 


Asperula odorata (Linn.)—Cavan and Fermanagh. Shady places, but 
not abundant. 

Galium aparine (Linn. )—Cavan and Fermanagh. Very common. 

G. verum (Linn.)—Cayan and Fermanagh. Common. 

G. sawatile (Linn.)—Cavan and Fermanagh. Common on the hills. 

G. palustre (Linn.)—Wet places. Common in Cavan and Fermanagh. 


VALERIANACE. 


Valeriana officinalis (Linn.)—Carrick, &c. Frequent in Cavan and 
Fermanagh. 


DIPSAcAcEm. 


Scabiosa succisa (Linn.)—Cavan and Fermanagh. Common. 


Composit z. 


Tussilago farfara (Linn.)—Cavan and Fermanagh. Frequent. 
Bellis perennis (Linn.)—Common everywhere. 
Solidago virgaurea (Linn.)—Co, Fermanagh. Carrick, Knockmore, 
Tents Mountain, &c. Not common. 
Achillea millefolium (Linn.)—Cavan and Fermanagh. Frequent. 
Chrysanthemum leucanthemum (Linn. )—In the utmost profusion every- 
where. 
2Y2 
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Chrysanthemum segetum (Linn.)—Cayan and Fermanagh. Common 
in cultivated ground. 

Antennaria dioica (Gaert.)—Cavan and Fermanagh. Grassy spots, 
Knockmore, Carrick, &c. 

Senecio vulgaris (Linn. )—Common everywhere. 

S. sylvaticus (Linn.)—Near Florence Court, Co. Fermanagh. 

S. Jacobea (Linn.)—Common everywhere. 

S. aquaticus (Huds.)—Cavan and Fermanagh. Frequent. 

Arctium nemorosum (Lej.)—On limestone rocks at Knockmore, Co. 
Fermanagh. Professor Babington, who kindly diagnosed my 
specimen, confirms the name. 

Centaurea nigra (Linn.)— Common in Cavan and Fermanagh. 

Carduus lanceolatus (Linn. )—Common everywhere. 

C. arvensis (Curt.)—Cavan and Fermanagh ; but less common than I 
have usually found it elsewhere. 

C. palustris (Linn.)—Cavan and Fermanagh. Common. 

C. pratensis (Huds.)—Cavan and Fermanagh. Frequent in damp 
pastures and meadows. 

Lapsana communis (Linn.)—Cavan and Fermanagh. Common. 

Hypocheris radicata (Linn.)—Roadsides and waste places. Common 
everywhere. 

Apargia autumnalis (Willd.)\—Carrick, Drumbad, &c. Frequent in 
Cavan and Fermanagh. 

Leontodon taraxicum (Linn.)\—Cavan and Fermanagh. Common eyery- 
where. 

Sonchus oleraceus (Linn.)—Cavan and Fermanagh. Roadsides and 
banks. 

S. arvensis (Linn.)—Cavan and Fermanagh. Cultivated fields. 

Crepis paludosa (Moench.)—Very common in Cavan and Fermanagh. 
It seems to replace C. virens, which I did not see. 

Mieracium pilosella (Linn.)—Cavan and Fermanagh. Common. 

H, anglicum (Fries.)—Cavan and Fermanagh. It occurs plenti- 
fully on limestone cliffs at Knockmore, and is found in more or 
less abundance at Carrick, Drumbad, Tents Mountain, and Cuil- 

~ ceagh. 

HI. cinerascens (Jord.) = H. lasiophyllum (Bab.)—Knockmore, Carrick 
and Badmore, Co. Fermanagh, but only in very small quantity. 
By the kindness of Mr. Backhouse, who examined my specimens 
of this and the preceding species, I am enabled to publish these 
names with certainty. 


CAMPANULACES. 
Campanula rotundifolia (Linn.)\—Cavan and Fermanagh. Frequent. 
ERIcACcE. 


Calluna vulgaris (Salisb.)\—Common on the hills. 
Lirica tetrali« (Linn.)—Common on heaths. 


eae 
nay 
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Erica cinerea (Linn.) Common. 

Vaceinvum myrtillus (Linn.)—Cayvan and Fermanagh. Common on the 
hills. 

V. vitis-idea (Linn.)—Cavan and Fermanagh. Occurs on Drumbad, 
Tents Mountain, Cuilceagh, and adjoining mountains; often in 
some quantity. 


AQUIFOLIACER. 
Lex aquifolium (Linn.)—Cavan and Fermanagh. Common on the 
rocks. 
GENTIANACER. 


Erythraa centaurium. (Pers.)—Cavan and Fermanagh. Frequent on 
short dry pastures. 

Gentiana campestris (Linn.)—Co. Fermanagh. Sparingly on Legland 
Mountain, near Derrygonnelly. 

Menyanthes trofoliata (Linn,)—Cavan and Fermanagh. Boggy places 
on the hills. 


BoRAGINACEZ. 


Myosotis caespitosa (Schultz.)—Co. Fermanagh. Marshes and sides of 
streams occasionally, Carrick, &c. 

MW. arvensis (Lehm.)—Cavan and Fermanagh. Common. 

M. versicolor (Reich.)—Cavan and Fermanagh. Common on dry 
banks, and waste places. 


ScROPHULARIACE®. 


Digitalis purpurea (Linn.)—Cavan and Fermanagh. But not abundant. 

Scrophularia nodosa (Linn.)—Derrygonnelly, &c., Co. Fermanagh. 
But not common. 

Melampyrum pratense (Linn.)—Cavan and Fermanagh. Common in 
shady places. 

Pedicularis palustris (Linn.)—Cayan and Fermanagh. Marshes in 
the hills. 

P. sylvatica ( qian) == Cavan and Fermanagh. Abundant on the hills. 

Rhinanthus crista-galli (Linn.)—Common everywhere. 

Euphrasia officinalis (Linn.)—Cavan and Fermanagh. Common. 

Veronica beccabunga (Linn.)\—Cavan and Fermanagh. Wet places; 
frequent. 

V. chamedrys (Linn.)—Everywhere abundant. 

V. officinalis (Linn.)—Cavan and Fermanagh. Common. 

V. serpyllifolia (Linn.)—Everywhere common. 

V. agrestis (Linn.)—Cavan and Fermanagh. Borders of fields; common. 


LABIATZA. 


Mentha aquatica (Linn.)—Wet places; common. 
M. satwa (Linn.)—Cayan and Fermanagh. Fields and waste ground; 
common. 
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Thymus serpyllum (Linn.)—On the hills; common. 

Prunella vulgaris (Linn.)—Everywhere common. 

Nepeta glechoma (Benth.)—Cavan and Fermanagh. Frequent on 
hedge banks. 

Lamium purpureum (Linn.)—Cavan and Fermanaglt Waste places; 
common. 

Galeopsis tetrahit (Linn.)—Cavan and Fermanagh. Frequent. 

Stachys sylvatica (Linn.)—Cavan and Fermanagh. Shady places; 
common. 

S. palustris (Linn.)—Cavan and Fermanagh. Common in damp 
places. 

Ajuga reptans (Linn.)—-Everywhere common. 


LENTIBULARIACE. 


Pinguicula vulgaris (Linn.)—Cavan and Fermanagh. Wet places on 
the hills 


PRIMULACER. 


Primula vulgaris (Huds.)—Common everywhere. 

Lysimachia nemorum (Linn.)—Cavan and Fermanagh. Frequent. 

Anagallis arvensis (Linn.)—Fields and waste ground; common. 

A. tenella (Linn.)\—Boggy ground, Drumbad, Co. Fermanagh, with 
white flowers; rare. 


PLANTAGINACE. 


Plantago lanceolata (Linn.\—Hedge banks and pastures; common. 

P. mgyor (Linn.)—Roadsides and wastes ; common. 

Lnttorella lacustris (Linn.)—Margin of Carrick Lake, Co. Fermanagh. 
Not at all common. 


PoLyGONACES. 


Rumex conglomeratus (Murr.)\—Cavan and Fermanagh. Roadsides and 
banks. 

R. obtusifolius (Linn.)—Roadsides and waste ground ; common. 

R. crispus (Linn.)—Cavan and Fermanagh. Frequent. 

R. acetosa (Linn.)—Cavan and Fermanagh. Hedge banks, &c. 

R. acetosella (Linn.)—Mountain pastures; common. 

Polygonum persicaria (Linn.)—Cavan and Fermanagh. Damp fields 
and wastes. 

P. hydropiper (Linn.)—Cayvan and Fermanagh. Banks of streams and 
wet places. 

P. wiculare (Linn.)— Waste ground; common everywhere. 


EMPETRACER. 


Empetrum nigrum (Linn.)—Legland Mountain, near Derrygonnelly, 
Co. Fermanagh. 
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EUPHORBIACER. 


Euphorbia helioscopia (Linn.)\—Frequent in cultivated fields. 
. peplus (Linn.)—Cavan and Fermanagh. Frequent. 
CALLITRICHACER. 


Callitriche verna (Linn.)—Carrick, &c. In streams. 
C. hamulata (Kutz.)—Very luxuriant at Carrick, Co. Fermanagh. 


URTICACE. 


Urtica dioica (Linn.)—Everywhere common. 
AMENTIFER Xe 


Salix pentandra (Linn.)—Derrygonnelly and Carrick, Co. Fermanagh. 
S. cmnerea (Linn.)—Cavan and Fermanagh. Common. 

S. aurita (Linn.)—Hilly places; frequent. 

Myrica gale (Linn.)\—Heaths and bogs ; frequent. 

Alnus glutinosa (Gaert.)—Cavan and Fermanagh. Common. 

Corylus avellana (Linn.)—Hedges and glens; common everywhere. 


CoNIFERZ. 
Taxus baceata (Linn.)—Sparingly on limestone cliffs at Carrick, and 
Knockmore, Co. Fermanagh. 
ORCHIDACER. 


Orchis mascula (Linn.)—Damp pastures ; common. 
O. maculata (Linn)}—Meadows and damp ground ; common. 
Habenaria viridis (R. Br.)—Legland Mountain, Co. Fermanagh ; 


sparingly. 

Hf. chlorantha (Bab.)—Cavan and Fermanagh, Carrick, &c.  Fre- 
quent. 

Listera ovata (R. Br.)—Everywhere abundant, especially on the 
limestone. 


TRIDACER. 

Tris pseud-acorus (Linn.)—Cavan and Fermanagh. Common. 
LIniacez. =. 

Endymion nutans (Dum.)—Cavan and Fermanagh. Shady banks. 
JUNCACER. 


Narthecium ossifragum (Huds.)—Cavan and Fermanagh. Frequent on 
heaths. 

Juncus effusus (Linn.)—Kverywhere common. 

J. conglomeratus (Linn.)—Cavan and Fermanagh. Common. 
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Juncus glaucus (Ehr.)—Cavan and Fermanagh. Frequent. 

J. acutiflorus (Ehr.)—In marshy places throughout the district. 

J. squarrosus (Linn.)—Mountain heaths; common. 

Lnuzula sylvatica (Bich.)—Cavan and Fermanagh. _ Not uncommon. 
LL. campestris (Willd.)—Cavan and Fermanagh. Frequent. 


ALISMACER. 


Alisma plantago (Linn.)—Cavan and Fermanagh. Occurs occasionally. 
TYPHACER. 


Lriglochin palustre (Linn.)—Cavan and Fermanagh. In wet places at 
Carrick, &c. 


' ARACEA. 


Arum maculatum (Linn.)—Cavan and Fermanagh. Common. 


LEMNACER. 


Lemna minor (Linn.)—Cavan and Fermanagh. Common. 


PoTAMOGETONACER. 


Potamogeton natans (Linn.)—Lakes and ponds; frequent. 

P. rufescens (Schrad.)—Carrick Lake, Co. Fermanagh; rare. 

P. sizii—Very sparingly in slow stream which connects Carrick 
Lake with Bunnahone Lake, near Derrygonnelly, Co. Fer- 
managh. JI am obliged to Mr. Bennett, of Croydon, who 
pointed out that my plant agrees in all respects with Roth’s 
plant; a judgment since confirmed by Professor Babington. 

P. pectinatus (Linn. )—Carrick Lake, Co. Fermanagh. Not common. 


CYPERACER. 


Eleocharis palustris (R. Br.)—Common everywhere. 

Scirpus lacustris (Linn.)—Cayan and Fermanagh. In the lakes; 
frequent. 

S. cespitosus (Linn.)—Common on the mountains. 

S. setaceous (Linn.)—Drumbad, Co. Fermanagh. Not common. 

Eriophorum angustifolium (Roth.)—Bogs and heaths ; common. 

Carex pulicaris (Linn.)—Knockmore, &c.; not very common. 

C. stellulata (Good.)—Cavan and Fermanagh. Common on grassy 
heaths. 

C. remota (Linn.)—Marble Arch, Co. Fermanagh. Not common. 

C. ovalis (Good.)—Cavan and Fermanagh. Frequent. 

C. vulgaris (Fries.)\—Cavan and Fermanagh. Common. 

C. pallescens (Lam.)—On Cuilceagh, Binaghlin, and neighbouring 
mountains, up to 1200 feet; but not common. 

C. panicea (Linn.)—Cavan and Fermanagh. Frequent. 

C. pendula (Huds.)—Marble Arch, Co. Fermanagh. Very rare. 
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C. pilulifera (Linn.)—Cayan and Fermanagh. Mountain heaths; 
rather rare. 

C. glauca (Scop.)—Everywhere common. 

C. flava (Linn.)—Cavan and Fermanagh. Common. 

C. hornschuchiana (Hoppe.)—Cavan and Fermanagh. Carrick, Cuil- 
ceagh, &e. 

C. binervis (Sm.)—Cavan and Fermanagh. Frequent on mountain 
heaths. 

C. sylvatica (Huds.)—Marble Arch, &c.; but not very common. 

C. jurta (Linn.)—Cayan and Fermanagh. Not uncommon. 


GRAMINER. 


Phalaris arundinacea (Linn.)\—Cavan and Fermanagh. Common. 

Anthoxanthum odoratum (Linn.)—Common everywhere. 

Phleum pratense (Linn.)—Meadows and margins of fields; common. 

Alopecurus pratensis (Linn.)—Marble Arch, &c.; but not at all 
common. 

Nardus stricta (Linn.)—Cayan and Fermanagh. On heaths. 

Phragmites communis (Trin.)—Cavan and Fermanagh. Occasionally 
in ditches and marshes. 

Agrostis vulgaris (With.)—Cayan and Fermanagh. Common. 

Holeus lanatus (Linn.)—Cavan and Fermanagh. Hedge banks and 
pastures. 

Aira cespitosa (Linn.)—Cavan and Fermanagh. Shady places; fre- 
quent. 

A. flecuosa (Linn.)—Cavan and Fermanagh. Very common on heaths. 

Arrhenatherum elatius (M. & K.)—Everywhere common. 

Triodia decumbens (Beauv.)—Cavan and Fermanagh. Frequent on 
grassy heaths. 

Melica uniflora (Retz.)—Carrick, &c.,Co. Fermanagh. Shady rocks. 

Molinia cerulea (Moench.)—Cavan and Fermanagh. On heaths; 
frequent. 

Poa annua (Linn.)—Cavan and Fermanagh. Common. 

P. trivialis (Linn.)—Common everywhere. 

LP. pratensis (Linn.)—Frequent throughout the district. 

Briza media (Linn.)—Rocks at Carrick, Co. Fermanagh. 

Cynosurus cristatus (Linn.)—Common everywhere. 

Dactylis glomerata (Linn.)—Roadsides and pastures ; every where. 

Festuca rubra (Linn.)—Cayvan and Fermanagh. Common. 

F’. pratensis (Huds.)—Carrick, &c. Not uncommon. 

Serrafaleus mollis (Parl.)—Cayan and Fermanagh. Frequent. 

Lolium perenne (Linn.)—Everywhere abundant. 

L. ttalicum (A. Braun.)—Banks and pastures; frequent. 


EQUISETACER. 


Equisetum arvensis (Linn.)—Abundant everywhere. 
EL. maximum (Lam.)—Cayan and Fermanagh. Frequent. 


544 Proceedings of the Royal Irish Academy. 


£. sylvaticum (Linn.)—Cavan and Fermanagh. Not uncommon. 
LE. limosum (Linn.)—Abundant everywhere. 
E. palustre (Linn.)—Cavan and Fermanagh. Common. 


Fricers. 


Polypodium vulgare (Linn.)—Cavan and Fermanagh. Common. 

Lastrea filiz-mas (Presl.)—Common everywhere. 

L. dilatata (Presl.)—Common everywhere. 

L. emula (Brack.)—Co. Fermanagh, Carrick and Drumbad. Beside 
rocky banks of streams. 

Polystichum aculeatum (Roth.)—Cavan and Fermanagh. Not un- 
common on the hills. 

P. angulare (Newm.)—Common everywhere. 

Cystopteris fragilis (Bernh.)—Cavan and Fermanagh. On damp 

rocks ; common. 

Var. 6. dentata (Sm.)—Frequent ; along with the preceding. 

Athyrium filixz-femina (Roth.)—Cavan and Fermanagh. Frequent. 

Asplenium adiantum-migrum (Linn.)—Cavan and Fermanagh ; but 
not abundant. 

A. trichomanes (Linn.)—Everywhere common on shady rocks. 

A. ruta-muraria (Linn.)—On walls and dry rocks; abundant every- 
where. 

Scolopendrum vulgare (Sym.)—Common everywhere. 

Blechnum boreale (Sw.)—Common everywhere. 

Pteris aquilina (Linn.)—On dry heaths ; everywhere. 

Hymenophyllum wilsont (Hook.)—Knockmore, Drumbad, Cuilceagh, 
&e. Frequent in Cavan and Fermanagh. 

Osmunda regalis (Linn.)—Carrick and Drumbad, Co. Fermanagh. 
Abundant and luxuriant by the streams. 


LyYcopoDIACE®. 


Lycopodium selago (Linn.)—Cavan and Fermanagh. In great profusion 
on the mountains. 

Selaginella spinulosa (A. Br.)—Damp shady rocks, Knockmore, and 
Drumbad, Co. Fermanagh ; sparingly. 


CHARACER. 
Chara aspera (Willd.)—Carrick Lake, Co. Fermanagh. 
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LXXV.—Recent Forammirera oF Dustin anp Wicxtow. By 
Freperick Pryor Batkwrtt and Josepx Wricut, F.G.S. 


[Read, February 27, 1882.] 


As the examination of the various gatherings of Foraminifera made 
last year off the Dublin and Wicklow coasts have not yet been fully 
completed, the present brief Report is now furnished, pending the 
detailed results which we hope to have ready for publication next 
year. The following particulars are given to show what has already 
been accomplished. Previous to the grant having been given, one 
of us had made a number of shore gatherings in the vicinity of 
Dublin, and the list of the Foraminifera found was sent to the 
Academy at the time. Since then thirty dredgings have been 
secured—three in Dublin Bay, the remaining twenty-seven off the 
coast—extending from Ireland’s Eye to Bray Head, and as far off 
land as the Kish and Bray Banks, the deepest parts dredged being 
off Bray Head in twenty-six to twenty-seven fathoms. We are also 
indebted to Mr. Stephen Voysey, of ‘‘ Blanna” fishing smack, for six 
gatherings taken off Mourne Mountains, off Howth, and off the Isle of 
Man. The Foraminifera which we have already met with number one- 
hundred and twenty-four species and varieties, or about two-thirds of 
our British forms. Twelve of these are additions to the Irish Fauna, 
one (Wodosaria hispida) is new to Britain, and two (Lagena curvilineata 
and Wonionina pauperata) are new to science. The only other locality 
in Britain which has yielded so large a number of Rhizopoda is the 
Estuary of the Dee, a spot which has been most carefully examined 
by Mr. Siddall and Mrs. Shone, and where even a still greater number 
of forms have been found. When we consider the short space of time 
already spent in the examination of this part of our coast, our results 
are most encouraging, and. leave little doubt that a renewed search 
would still further increase the numbers, and lead to the discovery of 
other rare forms. 


LIST OF FORAMINIFERA. 


Cornusprra, Schuitze. 
foliacea, Phillippi. Very rare. 
involvens, Reuss. Rare. 
Brtocutra, D’Orb. 


ringens, Lamk. Frequent. 
depressa, D’Orb. Frequent. 
elongata, D’Orb. Very rare. 
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Mirtoria, Will. 


trigonula, Lamk. Frequent. 

tricarinata, D’Orb. Very rare. 

oblonga, Montagu. Rare. 

Brongniartii, D’Orb. Rare. 

seminulum, Linn. Very common. 

subrotunda, Montagu. Very common. 

secans, D’Orb. Common between tides; rare in dredgings. 

bicornis, W. & J. Common. 

ferussacii, D’Orb. Frequent. 

pulchella, D’Orb. Very rare. 

fusca, Brady. Very rare; found only off Iveland’s Eye, 
seven to nine fathoms. 


Sprrotocutrna, D’Orb. 
limbata, D’Orb. Very rare. 
planulata, Lamk. Very rare. 
Hyrrramuina, Brady. 
elongata, Brady. Very rare; found only off Irveland’s Eye, 
seven to nine fathoms. 
PsammospH@rRA, F. E. Schultze. 
fusca, Schultze. Very rare. 


Reopwax, Montfort. 


difflugiformis, Brady. Very rare. 
fusiformis, Will. Very rare. 
scorpiurus, Montf. Very rare. 


HapiopHracmium, Reuss. 


canariense, D’Orb. Common. 
glomeratum, Brady. Very rare. 
globigeriniforme, P. & J. Frequent. 


Ammopiscus, Reuss. 


incerta, D’Orb. Very rare. 
gordialis, J. & P. Very rare. 
Shoneana, Siddall. Very rare; a single specimen only. 


TrocHammina, P. & J. 


squamata, P.& J. Frequent. 

inflata, Montagu. Rare. 

inflata, var. Very rare. 

macrescens, Brady. Very rare; found only off Ireland’s 
Eye, seven to nine fathoms. 


ee 
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Textunaria, Defrance. 


sagittula, Defrance. Frequent. 

agglutinans, D’Orb. Very rare. 

globulosa, Ehrenb. Very rare; a single specimen only; off 
Howth, eighteen fathoms. 

difformis, Will. Very rare; found only off Dalkey, fifteen 
fathoms. 


SprropLtecta, Ehrenb. 
biformis, P. & J. Very rare; a single specimen only; Dalkey 
Sound. 
Gavpryina, D’Orb. 
filiformis, Berthelin. Very rare. 
Vernevitina, D’Orb. : 
polystropha, Reuss. Rare. 
Borimiona, D’Orb. 


purpoides, D’Orb. Common. 
marginata, D’Orb. Rare. 

ovata, D’Orb. Frequent. 
elegantissima, D’Orb. Frequent. 


Virevtia, D’Orb. 


Schreibersii, Czjzek. Rare. 


Botrvina, D’Orb. 


punctata, D’Orb. Frequent. 
plicata, D’Orb. Frequent 
dilatata, Reuss. Very rare. 


Casstputina, D’ Orb. 


levigata, D’Orb. Very rare. 
crassa, D’Orb. Rare. 
oblonga, D’Orb. Very rare. 


Lacrena, Walker & Jacob. 


sulcata, W. & J. Frequent. 

costata, Will. Rare. 

Williamsoni, Alcock. Very common. 
Lyellii, Seguenza. Very rare. 

levis, Montagu. Common. 
gracillima, Seguenza. Very rare. 
globosa, Montagu. Frequent. 
striata, D’Orb. Rare. 


h: a 
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Lacena—continued. 


curvilineata, nov. sp. Very rare. 
gracilis, Will. Very rare. 
striato-punctata, P. & J. Very rare. 
semistriata, Will. Common. 
aspera, Reuss. Very rare. 
hispida, Reuss. Very rare. 
caudata, D’Orb. Frequent. 
marginata, W. & J. Rare. ‘ 
var. D’Orbignyana, Sequenza. Common. 
var. trigono-marginata, P. & J. Very rare. 
var. quadrata, Will. Very rare. 
ornata, Will. Very rare. 
var. trigono-ornata, Siddall. Very rare. 
lucida, Will. Common. 
var. (trigono-) oblonga, Sequenza. Very rare. 
lagenoides, Will. Very rare. 
squamosa, Montagu. Very common. 
hexagona, Will. Frequent. 


Lryevrina, D’Orb. 
carinata, D’Orb. Very rare; a single specimen only. 


Noposaria, Lamk. 


raphanus, Linn. Very rare; a single specimen only. 

-scalaris, Batsch. Rare. 

pyrula, D’Orb. and dentaline variety. Very rare. 

hispida, D’Orb. Very rare; a single specimen only. New to 
Britain. 


Dentatina, D’Orb. Rare. 
communis, D’Orb. Rare. 
consobrina, D’Orb. Very rare. 
Vaernovtina, D’Orb. 
legumen, Linn. Very rare. 
linearis, Montagu. Very rare. 
Marernvtina, D’Orb. 
glabra, D’Orb. Very rare. 


CrIsTELLARIA, Lamk. 


rotulata, Lamk. Very rare. 

vortex, F. & M. Very rare; a single specimen only; off 
Ireland’s Eye, seven to nine fathoms. 

cultrata, Montfort. Very rare; a single specimen only; off 
Treland’s Eye, seven to nine fathoms. 

crepidula, F. & M. Very rare. 
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Potymorpuina, D’Orb. 


lactea, W. & J. Rare. 

gibba, D’Orb. and var. zqualis, D’Orb. Common. 
oblonga, Will. Rare. 

compressa, D’Orb. Frequent. 

fusiformis, Roemer. Very rare. 

cylindroides, Reemer. Very rare. 

concaya, Will. Very rare. 


Uvicrrina, D’Orb. 
angulosa, Will. Rare. 


Spremtrma, Ehrenb. 


vivipara, Ehrenb. Very rare. 
tuberculata, Brady. Very rare; found only off Ireland’s 
Eye, seven to nine fathoms. 


Orzsurina, D’Orb. 


universa, D’Orb. Very rare. 


GuiopicERINA, D’Orb. 


bulloides, D’Orb. Frequent. 
inflata, D’Orb. Very rare. 


Potenza, P. & J. 


spheroides, D’Orb. Very rare; a single specimen only; off 
Howth, eleven fathoms. 


Discorpina, P. & J. 


rosacea, D’Orb. Common. 
globularis, D’Orb. - Very common. 
Bertheloti, D’Orb. Very rare. 
Wrightii, Brady. Very rare. 


Pranorputia, D’Orb. 

Mediterraneensis, D’Orb. Frequent. 
Truncatozina, D’Orb. 

lobulata, Walker. Very common. 
PoLvINULINA, P.& J. 


auricula, F. & M. Very vare. 
Karsteni, Reuss. Very rare. 
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Trnororvs, Montfort. 


lucidus, Brady. Very rare. 
levis, P. & J. Very rare; a single specimen only; off 
Ireland’s Eye, seven to nine fathoms. 


Roratra, Lamk. 


Beccarii, Linn. Common, 
nitida, Will. Frequent. 


Nonronrna, D’Orb. 


turgida, Will. Rare. 

scapha, F.& M. Very rare; a single specimen only; off 
Ireland’s Eye, seven to nine fathoms. 
pauperata, nov. sp. Frequent. 

umbilicatula, Montagu. Very rare. 

depressula, W. & J. Very common. 

stelligera, D’Orb. Rare. 


PotystomELLa, Lamk. 


erispa, Linn. Common. 
striato-punctata, F. & M. Very common. 


SUPPLEMENTAL NOTE. 


Since we sent in our Report to the Academy the following addi- 
tional Foraminifera have been met with, viz:—Bulimina subteres, 
Brady; B. aculeata, D’Orb, ; Dentalina obliqua, D’Orb.; D. pauperata, 
D’Orb.; Larginulina raphanus, D’Orb.? Polymorphina spinosa, 
D’Orb. ; P. myristiformis, Will. ; and Discorbina biconcava, P. & J. OF 
the one hundred and thirty-two species and varieties of Forami- 
nifera recorded in our Report, all are from off the Dublin and 
Wicklow coasts, except two forms, viz:—Lodosaria hispida, D’Orb., 
and Discorbina biconcava, P. & J., gathered off ‘‘Hen and Chicken” 
rocks, Isle of Man. 


NOTE ADDED IN THE PRESS. 


Whilst our Report was passing through the Press, the following 
additional species were found, viz. :—Jhitliolina tenuis, Czjzek; WH. 
agglutinans, D’Orb.; Hauerina, sp.; Haplophragmium pseudospiralis, 
Will. ; Lagena pulchella, Brady (trigonal variety). 
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LXXVI.—On tHe Constitution or THE Native PHosPHATES oF 
Atuminium.. By A. H. Cuurcu, M.A., Oxon., Professor of 


Chemistry in the Royal Academy of Arts. 
[Read, February 27, 1882. ] 


§I. Tur mineral phosphates and arseniates constitute a very interest- 
_ing group. The number of species is increased year by year through 
new discoveries ; but the older members of the group are rarely made 
the subjects of fresh investigation by modern methods. In many 
instances the constitution of even the more abundant species remains 
obscure. The frequent presence of an excess of base over that 
required for an orthophosphate is a common characteristic of the 
group. Another prominent feature consists in the peculiar and 
diverse modes in which the water present in the hydrated species . 
is held. For several reasons the moderate-sized group of the hy- 
drated aluminium phosphates has been selected for renewed investiga- 
tion. Light has been thrown upon the relations of these compounds 
by accurate analyses, in which a special and uniform method of 
desiccation has been adopted ; in which silver vessels have been sub- 
stituted, where deemed preferable, for those of glass and porcelain ; 
and in which sodium hydrate, from metallic sodium, has been used, 
instead of alcoholic potash, for retaining alumina in solution. The 
present communication contains an account of a considerable number 
of analyses conducted with the precautions named above; but it 
does not pretend to offer an exhaustive treatment of the subject, 
nor a decisive opinion upon all the questions of chemical constitu- 
tion involved in the inquiry. : 

§ II. As a preliminary step towards the discovery of the constitu- 
tion of the hydrated aluminium phosphates, it was deemed expedient 
to ascertain with what tenacity the normal native aluminium hydrate 
and the normal native aluminium phosphate respectively retained their 
’ water. This mode of experimenting was expected to disclose how far 
that common assumption could be correct which attributed to the native 
basic aluminium phosphates such a formula as— 


xAl,P.03, yAl,H.O,, z aq. 


Fortunately a suitable native hydrate and native phosphate are 
known; the former being the gibbsite of Dana, now often called 
hydrargillite; the latter being the variscite of Breithaupt. 

SIL. Gibdsite.—On submitting gibbsite to the process of desic- 
cation, the mineral retained the whole of its moisture, not only in 
dry air and in vacuo, but also at 100°C. in the air-oven. The analyti- 
cal details are here given :-— 
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Anal, 1. Gibbsite, from Richmond, Massachusetts— 
309 gram lost -008 gram H,O in vacuo = 0°97% 
309 ,, ,, 001 at 100°C. = 0:30% 
*309 ,, 4, nothing in water-oven 


309 ,, ,, °106 on ignition = 34:30% 
Anal, 2. Gibbsite, from Villa Rica, Brazil— 

‘213 gram lost :002 gram H.0 in vacuo= 0:938% 

213° 5,, 75, nothing nip to 100:C: 

2138 ,, _,, ‘069 gram on ignition 82°39%. 
Both the specimens were of great purity, neither containing any 
silica, and a mere trace of phosphate being present in No. 2 only; 
this latter specimen was uniformly crystalline. The mean percen- 
tage of combined water, corrected for accidental moisture, amounted 
to 33°73—a figure closely agreemg with the number demanded by 
theory, namely, 34°48. This percentage of water is that required by 
the formula AJ,03;, 3H.0 = Al, H,O,, the normal aluminium hydrate. 

§IV. Variscite.—We have now to consider the mode in which the 
water present in such of the native aluminium phosphates as are free 
from excess of base is held. For the solution of this problem it might 
have been thought that several native species would have served. But 
there proved to be but one mineral of sufficiently definite character, 
obtainable for this purpose in adequate quantity: this was varzseite, a 
phosphate found at Messbach, Saxon Voigtland, and described by 
Breithaupt in 1837. It is clearly identical with the callainite of 
Damour, a mineral the provenance of which is unknown, but of 
which some polished beads and ornaments were found in a Celtic 
grave at Morbihan. The two other normal aluminium phosphates 
which have been described are the gibbsite of Hermann, and zepha- 
rovichite. Of the latter, I have been unable to obtain an authentic or 
adequate supply: of the former mineral nothing definite is known; its 
separate existence is perhaps doubtful. Thus my work has been per- 
force limited to variscite. 

On submitting a carefully selected and prepared specimen of vari- 
scite to the desiccating processes before mentioned, it was evident that 
the water in this mineral was held far more loosely than that in 
calaite, or true turquoise, and in wavellite. The analytical results 
are here given :— 


Variscite! (spec. grav. 2°24), from Messbach. 


Anal. 8. 119 gram gave :084 gram Mg,P.0, = 45°15% P.O; 
ee eine 088601, SALLOs = 32:60% Al,0; 
AnaleAgcovd a welOst Oil », H,0 in vacuo = 2°64% 
ll ghey ap 208. jo, HO ab, 100° eee sodie 
os ay yp 004 5, H,Olon ienition Saas 
Anal. 5. °32 » »  °0795 ,, H,Oon ignition = 24-84 
is », gave 005 » FeO; = 1°56. 


1 Containing some Fe203 ; vide analysis 5. 


=~ 
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An inspection of these figures shows that variscite loses nearly all 
its water at 100°C., but practically none, or at least not a whole mole- 
cule, in vacuo over sulphuric acid. If we reject, as non-essential, the 
2°64% H.O lost in vacuo, then the percentages deduced from the 
analyses given above will stand thus :— 


: Theory. 
| Experiment. Al,O:, P.O, 4aq. 
AN, Ye 16 | 31:04 32°45 
HemiciOxidey =, ti) 1°56 — 
Phosphorus Pentoxide, . . 45°15 44-82 
VCD ME Biot sa 23°97 22°73 


§ V. According then to the above-given analyses of normal native 
hydrate and phosphate of aluminium, the former loses no water at 
100°, the latter all. The results of R. Helmhacker’s experiments 
with the supposed variscite of Freienstein, near Leoben,” are not in 
accordance with this view so far as regards the normal phosphate. 
He obtained 16°11% water lost at 100°, and 17°57% on ignition. 
The alumina amounted to 34°46%, while the phosphorus pentoxide 
was only 25°69. These figures are allowed by Helmhacker to point 
to an admixture of diaspore with his variscite in the ratio of 4:5; 
now, as diaspore resembles gibbsite in its total retention of water at 
100°C., we possess, in these apparently anomalous results, an actual 
confirmation of the conclusion to which my own experiments had led. 
Possibly Helmhacker’s 100°C. may have been the conventional expres- 
sion for the temperature of the water-oven, which would fall consider- 
ably short of that figure. With an air-oven at 100° C. his mineral 
would probably have lost more than 16-11%. 

§ VI. Here perhaps it may be well to introduce the analysis of a 
mineral from Langen Striegis which, though in physical characters 
resembling the peganite of Breithaupt, yet gave very different results 
from those obtained with that mineral (or what we must assume to 
have been that mineral) in the hands of Hermann. He obtained 
numbers corresponding to those of a member of the calaite group 
(2A1,0;, P.O;, 6H,0); but I find that my specimen is chemically and 
physically much nearer variscite than calaite. Anyhow, the assump- 
tion that this mineral is nothing but wavellite cannot be maintained. 
If not a perfectly definite species, yet its behaviour when heated to 
100° marks it out from wayellite and from nearly all the other phos- 


2 Tchermak’s Min. & Petr. Witth. ii., p. 229, et seq. 
) ? Y 
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phates of aluminium. While in vacuo it loses nothing, at 100°C. (in 
the air-oven), all the water in the mineralis disengaged. In the water- 
oven the change is incomplete, for at 94°, the maximum temperature 
reached by my water-oven, rather less than half the total water was 
removed. It may be noted that the curious pink tint which peganite 
assumes when heated in a bulb-tube was acquired in the air-oven at 
100°, but not in the water-oven at a temperature only a few degrees 
lower. 

My analysis of a sample of this so-called peganite from Striegis, 
gave the following results :— 


Anal. 6, °374 gram lost nothing in vacuo, but lost 
7035 ~,, H.O in water-oven, and 
047. ~,, + 4H,O in air bath at 100°, and gave 
2005 © 50105 
7183 ,, Al,O; and 
243 ,, Me,P.0,. 


Translated into percentages and compared with the numbers de- 
manded by the nearest formula, these results are here shown :— 


haus Theory. 

Experiment. “"|- A1,05,6P,02,24,0) 
J \ipordvnakey Vi AMAIA Seal oi) ae 35°30 35°91 
Phosphorus Pentoxide . . 41°56 42°53 
AWiaiterseeaan hse i Rie tore heen 21°92 21-56 

| 

Nilicayiesny cise oe sere Sh es 133 — 
100°11 100:00 


When the correction for intruding silica is made, the correspon- 
dence between experiment and theory becomes quite satisfactory. 
Still it would scarcely be justifiable to accord specific rank to this 
mineral on the strength of a single set of numbers, and I should pre- 
fer to regard the specimen analyzed as variscite slightly admixed with 
a more basic aluminium phosphate. 

§ VII. It is, on the whole, evident, from the analyses of gibbsite, 
variscite, and peganite, which I have now given and discussed, that 
any native basic hydrate of aluminium, if it were made up, say, of one 
molecule of the normal native hydrate simply associated with one 
molecule of the normal native phosphate, might be expected to lose, 
when heated to 100°, a/Z the water attached to the latter compound, 
and none of that belonging to the former. 
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VIII. Calaite—Now we have in calaite a mineral adapted for 
the trial of this question. There can be no doubt that the essential 
part of pure turquoise or calaite may be represented by the empirical 
formula— 

2A1,03, P.0;, 5H,0. 


But we have to ask whether the constitution of this species may not 
be expressed by some more precise arrangement, such as 


A1,03, P,0;, 2H,0 + Al,Oz, 3H,0, 


namely, one molecule of a hydrated normal aluminium phosphate with 
one molecule of the normal aluminium hydrate? Now we have seen 
that the latter compound as occurring in nature loses no water at 
100°, while the nearest approach to the former compound (namely 
yariscite) loses all its water at this temperature. Calaite, then, if 
containing such a phosphate, should part with 2lbs. of its water 
below 100°C. As it retains all, even when heated beyond this point, 
it will be more in accordance with the results of experiment if we 
express the molecule of calaite somewhat after the following fashion :— 


2A1,0, ( P.O; hey PA P20, 
H,0 (44,0, H, | 8HO, 


which may be abbreviated into 


Al, PO, 
H | (HO), 


The analyses upon which this view is founded are three, one pub- 
lished in 1864,° and the others lately made for the purposes of this 
report. The relation of the cupric, ferrous and manganous phos- 
phates to the main constituent of calaite having been fully discussed 
elsewhere, afew only of the later analytical results need be cited here. 
In the case of a very pale and pure specimen of calaite from Nishapur, 
Persia, the following figures were obtained :— 


584 gram lost ‘018 gram H,O in vacuo over H,SOQ, = 3:08% 
OME lL S: 41) esq 00 Tonition = 20°85%. 


Nothing was lost at 100° in the air-oven: but of the 20°85% water 
driven off on ignition the last 4% was retained with greater tenacity. 
Similar results were yielded by a Thibetan turquoise. 

§ IX. Two other aluminium phosphates have been described, appa- 
rently belonging to the calaite or turquoise group, and differing from 
calaite in the proportion of water only. One of these is the peganite 
analyzed by Hermann, a Striegis mineral; the other is fischerite from 
Nischne Tagil, also analyzed by Hermann. [I find that three distinct 
minerals from Striegis go under the name of peganite. One of these is 


or Al, HPO, (HO),. 


3 Chemical News, x. p. 290. 
4 Zellner’s analysis of a Silesian calaite confirms this view. 
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nothing but wavellite ; another is very nearly related to variscite, if it 
be not identical with it.° The peganite of Arkansas, according to 
A. H. Chester,® is also identical with variscite. But there is a third 
mineral known as peganite found also at Striegis in Saxony; this is 
very near wavellite, but contains less water. What is probably the 
same mineral from Nobrya’ in Portugal has been analyzed by Lichten- 
berger and Frenzel. As to fischerite, I have not been able to secure 
an authentic specimen sufficiently ample for analysis. 

§ X. The next group of native aluminium phosphates may now be 
discussed. Its best known member is wavellite, to which the formula 


2A1,P,0;, Al,H,O., 9 aq 


is usually assigned. But in spite of the very numerous analyses of 
wavellites from different localities which have been made, the formula 
for this species cannot be said to have been ascertained. Two circum- 
stances make it doubtful. Like many other fibrous minerals, wavellite 
always retains, under ordinary atmospheric conditions of barometric 
pressure, moisture, and temperature, about two per cent. of moisture 
removable in vacuo, or in dry air, or by a slight increase of temperature; 
so the question arises ‘‘Is this water essential or accidental ?”” Doubt- 
less many hydrated minerals, when removed from the natural condi- 
tions under which they were formed, lose essential or constitutional 
water very readily, but in such cases the percentage of loss is generally 
much larger than two. The second circumstance which interferes with 
the exact determination of the combined water in wavellite is the 
presence of fluorine in this mineral. This element, which probably 
occurs to the extent of two per cent., must be regarded as an acid ele- 
ment, replacing either the phosphoric constituent or oxygen. If so, 
it will lower the proportion of phosphorus pentoxide found, and raise 
that of the water as determined by loss. I have considered this ques- 
tion in a previous research,* and shown that a formula with 11H,0 
has much to recommend it. It may be added that vacuum-dried 
wavellite loses no water at 100° C., but 22% at 200° C., and 4% at a 
low red heat. And if those published analyses of wavellite in which 
the fluorine has been determined be studied, it will be seen that the 
water is lower than that commonly assigned to this mineral. But, 
after all, it is not improbable that we group under wavellite several 
minerals differing from each other by 1 aq. Possibly there are four 
such members of the wavellite group :— 


1. Planerite, ... . . 3Al,0;, 2P,0;, 9agi 
2. Coeruleolactite, . . 38A1,0;, 2P.0;, 10aq. 
3. Wavellite,. . . . 3Al,03, 2P,0;, 1laq. 


4, Striegisane, . 9dAl.0,, 2P,0;, 12aq. 
Of Coeruleolactite I shall have something to say further on, but it 


5 See § VI of this Report. 6 Jahr. Min.. 1872, 819. 
7 An analysis is given in § XII. 8 Jour. Chem. Soc., Feb., 1878. 
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may be useful to give here some additional evidence as to the exist- 
ence of the fourth member of this group. Its formula is that commonly 
given to wavellite, but may perhaps more properly belong to the 
Striegisane of Breithaupt. 

§ XI. Striegisane—It was very difficult to select for analysis 
sufficient of this mineral without including some small specks of the 
slaty gangue. But as the weak acid used to dissolve the phosphate 
may be assumed to have been practically without solvent action on the 
gangue, the errors due to traces of the latter may be eliminated by 
recalculating the percentages after deducting the insoluble silicious 
residue. The results of my analysis are here given :— 


Anal. 7. -443 gram striegisane in vacuo over H.SO, 
lost 40082), HO =) ilo 
Pass) 5... HL Olonlsnition  — 26,817 
gave 018 ,, insoluable matter= 4:06%. 
Anal. 8. "2215 ,, striegisane 
gave “075 ,, AlO,; = 33°86% 
e002.) siiieOs9 9 =. -90°% 
» 114 ,, Mg,P,0, = 32:90% P.O;. 


These percentages, after deduction of gangue, become— 


H,O lost in vacuo 1:92% 
H.O ,, onignition 27:94% 


Fe,0; _ ,, As ay 
INCOR 53 35-29% 
JEON Bas * 34°31% 

100°39.% 


The above 27°94% water lost on ignition really includes some 
fluorine ; how much, the scarcity of the mineral prevented me from 
determining. If it did not exceed two per cent., then this specimen of 
striegisane, though clearly related to wavellite, may perhaps serve to 
strengthen the view that two minerals, differing merely by 1 aq., 
have hitherto been included under that species. The 2% water lost 
"in vacuo and the absence of any further change at 100° are characters 
of wavellite to which species Erdmann’ long since releglated Brei- 
thaupt’s striegisane. Possibly the kalk-wavellite of Kosmann” may 
belong here. At all events I find in it a mere trace of lime, and a 
rather high percentage of water retained at 100°. : 

§ XII. Peganite, §c.—Amongst the numerous minerals or mineral 
varieties which have been ‘‘ split”’ into species by some mineralogists, 
and by others ‘‘lumped” under wavellite, there is one which has 
been found at Nobrya in Portugal, and which very closely resembles 
some specimens of peganite. In looking over my Striegis phosphates 
I noticed a specimen which seemed to belong here. The amount 


9 Schw. J. lxix., 154. 10. G. Ges. xxi., 795 (1869). 
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available for analysis was not large, but the following results were 
obtained with a quantity of material sufficient for an accurate analy- 
sis: it should be said that ‘011 gram silica has been deducted from 
the amount taken for analysis :— 


Anal. 9. -4085 gram in vacuo over sulphuric acid 
lost 01255) 5; .HZO = a OCH 
,, (0545 ,, H,Oin water-oven = 13°34% 
5, s0d0n. 85,6 2b Olonwenition © .—.S70674 
gave 164 ,, ALO, = 40°12% 
» 225 ,, Meg,P,0, = 35-23% P.O;. 


Now these results at the first glance might be taken to suggest a 
wavellite formula, such as 3Al1,0;, 2P.0;, 11 aq., which requires 
almost precisely the percentage of water here given, and nearly the 
percentages of Al,O; and P.O;. But the very large loss of water 
suffered by this Striegis mineral in the water-oven separates it from 
the species wayellite at once. And if we consider the difficulty of 
avoiding an excess of Al,O; in an analysis, and the liability to count 
as water the hydrofluoric acid which escapes on strongly heating a 
phosphate of this group, I think it may be concluded that the ex- 
perimental percentages of alumina and water are both above the truth, 
while the phosphorus pentoxide should be supplemented, in critically 
weighing the analytical results, by a small addition corresponding to 
the lost fluorine. From these considerations it is clear that the speci- 
men now under discussion differs decidedly from wavellite in its slight 
hold of most of the water present, however near it may be in its per- 
centage composition. But there is reason to think that the mineral 
under discussion, as well as wavellite itself, retains at ordinary tem- 
peratures 2 or 3% of interstitial or mechanical moisture, which in 
both cases is easily removed in vacuo over sulphuric acid. Recalculat- 
ing the analytical results on this assumption, but without making any 
of the other suggested corrections, we reach the following percent- 
ages :— 


| | Experiment. Theory. | 
Alnminass ws So 0 tit pA. 41-41 39-83 
Phosphorus Pentoxide, . . | 36°34 36°79 
Wiatensubeveen ic Arrows) A100 2260 23°32 
| 100°35 100-00 


The theoretical numbers here given are those required by the 
formula 3A1,0;, 2P.0;, 10 aq. Ii the excess in the analytical per- 
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centages were simply thrown on the alumina, the discrepancy between 
experiment and theory would not be unreasonably large, particularly 
as the alumina did contain traces of ferric oxide. The present ana- 
lysis is alluded to in my classification table (§ XV.) under the signature 
‘‘Coeruleolactite,’’ for the published analyses of that mineral (by Peter- 
sen and by Genth) from two localities, Rindsberg, Nassau, and Ches- 
ter Co., Pennsylvania, carefully studied, lead to the formula 3A1,0,, 
2P,0;, 10 aq. above given. Ido not, however, find that any experi- 
ments have been made, by the analysts just named, to determine the 
tenacity with which the water in coeruleolactite is held. 

§ XIII. Coeruleolactite—It seemed important to secure some in- 
formation on this point in order to learn what warrant there might be 
for including these four minerals found respectively at Striegis, at 
Nobrya, at Rindsberg, and in Chester Co. Pa., under the same specific 
name. With this object in view, I made the following trials with a 
picked specimen of coeruleolactite from the last-named locality: the 
percentages have been recalculated after the deduction of the undis- 
solved silica :-— 


Anal. 10. -1235 gram lost in vacuo 004 gram H,O = 3°24% 
230 ,, 5, im water-oven 003: ,, H,O= 2-437 
O35) 6) eat, 100° 007 ,, H.O= 5-67% 


oom. |. On Jonition 501 Spee te HOF ar oie 


It is worth while recalculating these results once more after de- 
ducting the small percentage of water lost in vacuo. Then we find 
that the vacuum-dried mineral lost 8°37% H.O at 100°C. in the air- 
oven; and 15:06% more on ignition. This result confirms my 
conclusions as to the position of the Striegis mineral referred to in 
§ XII., and tends to show that the group of minerals under discussion 
may be referable to a single species, differing from wavellite not 
merely in a lower percentage of water but also in constitution. It is 
true that the analytical results, so far as the percentages of water lost 
at different temperatures are concerned, are not alike in the two 
minerals analyzed, but in both cases we have a notable proportion of 
water lost and a notable proportion retained at 100°. This suffices to 
suggest for these minerals a constitution in which both the normal 
hydrate and the normal phosphate bear parts, being associated in 
such a way as to retain in a measure their ordinary relations to 
their own combined water. 7 

§ XIV. Lvansite.—This species, from Zsetczik in Hungary, is at once 
the most basic and the most highly hydrated of all the native aluminium 
phosphates. It occurs in colourless and nearly transparent nodular 
concretions, and was formerely mistaken for allophane. The late 
David Forbes analyzed" it with such care that nothing remained to be 
accomplished, save to ascertain the condition in which the water exists 


U Philosophical Magazine, November, 1864. 
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in the mineral. No doubt can be entertained of the title of evansite 
to specific rank, although its claim has not been duly recognized in 
mineralogical text-books.” I give here the mean percentages obtained 
by Forbes from his three analyses, and the corresponding numbers de- 
manded by the formula he adopted :— 


E Theory, 
Experiment. ,ALLOMPIOs 18H,0. 

Alaininee ts ene ee | 39°31 39-78 
Phosphorus Pentoxide, . . | 19°05 | 18°35 

| 
AWia Leta seca a0 li Ate. 39°95 41-87 
Silica, 54 1-41 — 
Loss, ‘ | 28 — 

| _ 

| 100-00 | 100-00 | 


On placing the finely-powdered mineral over sulphuric acid in vacuo 
it lost little more than traces of moisture: but at 100°, or rather in 
the water-oven, a very different result ensued. Here are the figures :— 


Anal. 11.°37 gram evansite lost in vacuo in 36 hours 
004 ~=,, HO. At 100° it sustained a further loss of 
‘0795 ,, H.O. On moderate ignition the remainder, 
‘0685 ,, H.O, was evolved. 


The percentages of water to which the above results correspond are as 
follow :— 


Loosely combined water, lost at 100° 22°56% 


Water, lost on ignition, . . . . 18°51% 
Totalawater;)) .(0:) 2) ahjeei\e apron 


Now if evansite contains 18H,O, the loss of 


10 H.O corresponds to 23-26% 
8 H.0 . ,, 18°61% 


41-87% 


These numbers leave no doubt as to the peculiar position occupied by 
evansite amongst the aluminium phosphates. In accordance with the 


12 Rammelsberg’s Wineral-Chemie, 2nd ed., vol. ii., p. 320. 
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system deduced from the study of other members of this series, we 
may arrange its formula thus— 


3A1,0;, P.O;, 8H,0 + 10 aq. 


Here the 10 aq. represent those molecules of water which are disen- 
gaged in the water-oven. How the 8H,O are combined with the 
Al,O; and the P.O; has not been ascertained, but this may be said, 
that the fixity of this water at or near 100° forbids the assumption 
that in evansite we have an association of Al,P,0,2 aq. with 2 Al,H,Og. 

If there be no doubt that the entire molecule of evansite contains 
not less than 18 of H,O, the relation of liskeardite to this species will 
have to be reconsidered. If that mineral be ‘‘ an arsenical evansite ”’ 
it should contain 2 molecules of water more than have been assigned 
to it. Its formula has been expressed hitherto thus— 


3 R,0;, As,0; + 16 H,0, 


where R,O, represents alumina with some ferric oxide. 
§ XY. The following Table will prove useful in comparing the ex- 
perimental numbers given in this Report with those required by theory. 


ProvoseD CLASSIFICATION oF ALUMINIUM PHOSPHATES. 


Theoretical Percentages of 


ForMuLA- 
Al,O; PAOr H.,O 
SPECIES. (102'6). | (142). (18) 
GROUP I. 
& Al,O3, P205, 2 aq. 36°56 50°61 12°83 
WVARISCITE, . . . Al,03, P20;, 4 aq. 32°40 44-85 22°74 


ZEPHAROVICHITE, . | Al,03, P20s, 6 aq. 29-09 40°27 30°63 


2 Al,03, P205, 8aq. | 26°40 | 36°54 | 37-05 


GROUP II. 


CoERULEOLACTITE,. |3A1203,2P20;, 10 aq.| 39°83 36°79 23°32 
? WAVELLITE, ei Metihie 3A1203, 2P205, 11 aq. 38:97 85°95 25:07 
PSTRIEGISANE, . . |8A1203,2P20;5,12 aq.) 38°10 35°16 26°74 


13,'N. 8. Maskelyne, Nature, August 16th, 1878. 
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CLASSIFICATION oF ALUMINIUM PHOsPHATES—continued. 


| Theoretical Percentages of | 
FoRMULA. | } : 
| (Al; |. PO aheenee 
SPECIES. | (z02°6). | (z42). | (18). 
GROUP III. 
| 
CauaiTE, . . . | 2Al203, P205, 5aq.| 46°93 | 32-48 20°57 
PEGANITE, . . . 2Al203, P205, 6aq.! 45-08 31-19 | 23°72 
Pp 2A1203, P205, Taq. | 48°36 30°01 | 26°63 
FIscHERITE, . . | 2Al203, P25, 8aq.| 41-77 | 28:91 | 29-31 
GROUP IV. 
| | | 
EvansiTeE, . . . | 3Al.03, P20s, 18 aq. 39°78 | 18°35 41°87 
las 


§ XVI. In concluding this Report, it is my agreeable duty to thank 
the Royal Irish Academy for the liberal grant which enabled me to 
secure the material upon which I have worked. And I cannot refrain 
from naming in this place the generous gift made to me by Mr. Henry 
Willett, F.G.S., of Brighton. He learnt that a large and efficient air- 
pump was necessary for the proper carrying out of the drying in vacuo 
of the several mineral species analyzed during this inquiry. Mr. Willett 
gave me for this purpose one of Bianchi’s magnificent air-pumps, at a 
cost of something like fifty pounds. 
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LXXVIT.—On a New anv Expeprrious Mernop For THE DrreRMINA- 
TION OF THE NITRITES, UNDER DIFFERENT Circumstances. By Epmunp 
W. Davy, A.M., M.D., M.R.I.A., Professor of Forensic Medicine, 
Royal College of Surgeons, Ireland, &c. 


{ Read, April 24, 1882.] 


As the existence of Nitrites and Nitrates in different natural waters 
has been regarded (under certain circumstances) as affording evidence 
of previous sewage contamination, the determination of the presence 
or absence of such compounds, and their quantitative estimation when 
present, in the waters employed for domestic purposes, may be a mattter 
of much importance in a hygienic point of view; and though we have 
some delicate tests for the detection in such of the presence both of 
nitrites and nitrates, as well as different methods for their conjoint 
quantitative determination, there is no very simple or expeditious 
method for the separate estimation of nitrites in waters, which may 
sometimes be required, if we except that not long since proposed by 
P. Griess, which method I shall presently describe, and compare with 
the one I have myself devised, and which I shall now lay before the 
Academy. 

In making lately some experiments on certain nitrites, I observed 
a reaction, which, as far as J am aware, has not hitherto been de- 
scribed ; and this being one of extreme delicacy, I have founded on it 
a new method not only for the detection of the presence, but likewise 
for the quantitative determination of the nitrites under different cir- 
cumstances, but especially in the case of natural waters, for which it 
is peculiarly suitable. The reaction referred to is that of nitrous 
acid, or of a soluble nitrite, on the well-known substance, gallic acid ; 
thus when an aqueous solution of that latter acid is brought in contact 
with a soluble nitrite, the mixture, unless the amount of the latter 
present be very small, will soon acquire a yellow or yellowish-brown 
’ tint, which will increase in depth up to a certain point, after which 
the colour remains permanent, whilst, at the same time, minute 
globules of gas make their appearance in the mixture. If, however, 
the quantity of nitrate present be exceedingly small, it will require 
several hours, or even some days, to complete the reaction at the ordi- 
nary temperature. By the application, however, of heat,! and bringing 
the mixture to the boiling point, even in the case of the most dilute 
solutions, the reaction will be completed in afew moments. This de- 
velopment of colour under the circumstances stated is evidently due 
to the oxidation of the gallic acid, at the expense of the nitrous acid, 


?The continued application of heat has the effect of slightly diminishing the 
depth of colour developed in this reaction. 
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whereby the compound known under the name of tanno-melanic acid 
seems to be formed, whilst nitric oxide and carbonic acid gases are 
evolved. The following equation represents the changes which occur 
in the reaction :— 


2 ; Nitrous Tanno-Melanic Carbonic Nitric 
Gallic Acid. Wes a E Onde Water. 


cid. Acid. cid. 
CHO: SP 2HNO, = C,;H,0; + CO, ae 2NO se 2H.0. 


These changes, with the development of colour, take place in neutral 
as well as in acid solutions, but more readily in the latter, and when 
they are heated, than at the ordinary temperature, as already observed. 
The colouring principle which is so produced seems to be the same 
substance that is formed by the gradual oxidation of gallic acid in 
aqueous solution by exposure to the air; or when this takes place 
more rapidly, by the solution being rendered alkaline by the addition 
of one of the alkalies before exposing it to its influence. The colour- - 
ing matter so formed is unaffected by diluted acids—at least diluted 
sulphuric, nitric, and hydrochloric acids had no apparent effect on it; 
and the organic acids, acetic, oxalic, and tartaric, even in a concentrated 
condition, did not seem to produce any change. It is also very per- 
manent, and does not appear to be affected by exposure to air and 
light, even after being a long time subjected to their influence. 

The depth or intensity of the colour produced being in direct 
proportion to the amount of nitrite reacting on the gallic acid, a ready 
means is afforded for the quantitative determination of the nitrites. 
Thus, if a standard solution be prepared, containing a known quan- 
tity of nitrite, and if a given amount of water or solution under exa- 
mination yielded with gallic acid a certain shade or depth of colour, 
and if the same bulk of the standard solution, or of a mixture of it 
with distilled water in known proportion, developed the same tint, 
the former would be considered to contain the same amount of nitrite 
as the latter, and by thus comparing the tints produced by the waters 
under examination with those caused by solutions containmg known 
quantities of nitrite, the quantitative estimation of such may be 
quickly accomplished, just as in Nessler’s process (now so much 
employed by chemists) the determination of ammonia is so readily 
effected. Indeed the colour which is developed by the action of the 
nitrites on gallic acid most closely resembles that produced by am- 
monia on Nessler’s reagent. The process, too, is conducted pretty 
much in the same way, except that we have a standard solution of an 
alkaline nitrite, instead of one of ammonia; and the test reagent is 
one containing gallic acid, instead of Nessler’s solution; and finally, 
that the water or mixture, after the addition of the gallic acid solu- 
tion, and a few drops of either sulphuric or hydrochloric acid, is 
heated to boiling in a test tube and allowed to cool; after which it is 
placed in a cylindrical flat-bottomed glass, to compare more accurately 
the degree of colour produced by the water under examination with 
that containing some known quantity of nitrite. 
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The gallic acid solution which I have employed for the determi- 
nation of nitrites is a strong or saturated aqueous one, which, if not 
colourless, can be easily made so by boiling it for a few minutes 
with animal charcoal, filtering the mixture whilst still warm, and 
then adding immediately to the filtrate sufficient sulphuric or hy- 
drochloric acid to render it strongly acid, which addition I have 
found prevents, to a great extent, the tendency of aqueous so- 
lutions of gallic acid to become of a yellow or brownish tint on 
keeping, which well-known property is due, as already observed, 
to the tendency of that acid to oxidize under such circumstances; 
but by the addition of the acids stated, I have kept solutions of gallic 
acid, which were even exposed to the air in open vessels, for over two 
months without undergoing any change in colour. 

As to the standard alkaline nitrite solution, it may be readily pre- 
pared by decomposing a hot aqueous solution of silver nitrite with 
potassium or sodium chloride, and after the subsidence of the silver 
chloride formed, diluting the solution to the required amount. The 
one I employed was made, as Dr. Frankland directs, in his ‘‘ Water 
Analysis,” for the preparation of the standard alkaline nitrite solu- 
tion to be employed in Griess’s method for the determination of ni- 
trites, which is prepared as follows:—0.406 gram of pure silver 
nitrite is dissolved in boiling distilled water, and pure potassium or 
sodium chloride added, till no more silver chloride is precipitated. 
The solution is made up to one litre, and the silver chloride being 
allowed to settle, 100 c.c. of the clear solution is made up to one 
litre, of which 1 c.c. is equivalent, as he says, to 0.01 m.gram of 
nitrous anhydride (N.O;); and he further adds, that this solution 
should be kept in closely-stopped bottles, quite full. A solution at 
least double this strength will, however, be found more convenient for 
my test. I may also observe that I have likewise used a standard 
solution made by taking the commercial potassium nitrite and boiling 
it along with alcohol, which will dissolve out the potassium nitrite, 
leaving undissolved the nitrate and other impurities; and this alcoholic 
solution, on evaporation and drying the residue, will furnish the nitrite 
suitable for this purpose. 

In using this test a convenient quantity of water to employ is 
25 ¢.c., which can be easily heated in a test tube of somewhat larger 
capacity, along with 1 or 2 c.c. of the gallic solution, and a few drops 
of sulphuric or hydrochloric acid, and, when the mixture has cooled, 
transferring it to a flat-bottomed cylindrical glass, where the depth of 
colour can be more readily determined, and compared with that yielded 
by equal bulks of different mixtures of the standard solution with 
distilled water. But where the amount of nitrite is very minute, it 
will perhaps be better to use at least 50 c.c. of the water under exami- 
nation. I should observe that the nitrates do not produce the reaction 
described with gallic acid, and, unless they are present in large quan- 
tity, do not affect the test ; and that it (the reaction with the nitrites) 
appears to be uninfluenced by the presence of the different saline and 
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earthy salts that occur in natural waters, as well as by the organic 
matters that may be there occasionally. It might be naturally 
supposed that soluble salts of iron (which are sometimes present to 
some extent in certain waters), producing as they do the well-known 
black or ink-like reaction with gallic acid, would preclude its employ- 
ment as a means of estimating nitrites, where the former salts were 
present; but this is not the case; for the iron may be separated by the 
addition of ammonia and filtration, after which I have found that the 
filtrate, having been acidified, may be treated with gallic acid, for the 
estimation of nitrites. It appears, therefore, that none of the sub- 
stances which would be likely to occur in natural waters interfere 
with the employment of this test. 

As to what may be the exact limits of its indications, I have not 
yet been able to determine ; but I have readily detected, by its use, an 
amount of nitrite in water equivalent to one part of nitrous acid 
in about twenty millions parts of water. 

I have made a number of comparative experiments with this test 
of mine and those hitherto proposed for nitrites, but chiefly with that 
of P. Griess, already referred to, as Dr. Frankland (who is one of the 
first chemists of the day) has stated in his ‘‘ Water Analysis,”’ that it 
is the only trustworthy means we have for the estimation of nitrites. 

This test, I may briefly say, depends on the reaction of nitrous 
acid on metaphenylene diamine, or meta-diamido-benzol, a derivative 
of benzol, whereby an orange-coloured compound is produced, by the 
oxidation of this complex basic substance. This reaction is one of 
extreme delicacy, and the test is carried out pretty much in the same 
manner as the well-known Nessler’s method for the determination of 
ammonia; or of mine, just described, for that of nitrites; the depth of 
colour produced by the test solution, with the water under examination, 
being compared with that of one containing a known quantity of 
nitrite ; the details, however, of the method will be found fully stated 
in Dr. Frankland’s ‘‘ Water Analysis.” 

From several comparative experiments I have made with Griess’s 
method and that of my own, I have come to the conclusion that the 
latter is almost, if not quite, as delicate a test for the nitrites as the 
former. I have, however, observed this difference between them, that 
when the proportion of nitrites present was considerable, that then 
Griess’s test gave a more decided reaction, or that the colour produced 
was of greater intensity than in the case of the gallic acid test; but 
that when the amount of nitrite was exceedingly minute, that then 
there was but little or no difference in the delicacy of their indications. 
In some other respects, however, the test which I have proposed 
possesses advantages over that of Griess; thus the metaphenylene 
diamine is at present a compound very difficult to be procured; so 
much so that though I applied twice, lately, to one of the best known 
firms in London for the manufacture of chemicals (Messrs. Hopkin & 
Williams), they were unable to procure me a little of that substance ; 
and that which I operated on was kindly given to me by my friend 
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Dr. Tichborne, who procured it direct from Berlin. On the other 
hand, the reagent used in my test may be got for a few pence at 
any druggist’s shop: again, Griess’s test solution will not keep, as 
it quickly acquires the same colouration that is produced by the reac- 
tion of nitrous acid or a nitrite on it, even when it is kept in closely- 
stoppered bottles; and therefore requires to be freshly made and 
titrated almost every time it is employed ; whereas the gallic acid solu- 
tion which I have recommended will, I find, keep for a very consi- 
derable time without apparently undergoing any alteration requiring 
its fresh titration, which is an important advantage. In conclusion, I 
may add, that whatever may be the comparative merits of the two 
tests contrasted, I have but little doubt that the one I have proposed 
will be found to be a useful and expeditious method for both the qua- 
litative and quantitative determination of the nitrites under different 
circumstances. 
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LXXVIII.—On rue Jorntine oF Rocks in RELATION TO ENGINEERING, 
ESPECIALLY THE TUNNELLING OF THE Srrait oF Dover. By Pro- 
FEssork Wrii11aAm Krne, D. Sc. 


[ Read, 24th April, 1882.] 


For some years past having been at different times engaged in study- 
ing the jointed structure of rocks,’ I may lay some claim to taking a 
part in the discussion of a question in Engineering which public 
enterprise has lately elevated to a subject of international importance. 

But before proceeding further, I may be allowed to make a few 
remarks on some points introductory to the subject in hand. 

Already, it may be assumed, the promoters of the proposed 
Channel Tunnel have had their attention called to the probability 
that the rocks to be penetrated are so greatly affected by dislocations 
(faults), and fractures of the ordinary kind (that is, resulting from dis- 
ruption), also to some of them possessing an openly porous character, 
as to prove serious detriments to the undertaking ; at the same time it 
must be admitted that some other points of vital importance in sub- 
marine engineering of the kind appear to have been but slightly 
attended to, or altogether overlooked. 

It is well known that the chalk and immediately associated earlier 
rocks, in Kent and Sussex, have been flexured into the great elliptical 
dome, known as the anticlinal of the weald—its longitudinal axis 
running generally near an east and west course. The consequence is, 
that the bedding of these rocks variously intersects the horizon from a 
low angle to a high one. Not unfrequently the partings, which 
define the bedding, are penetrable by water. Now, anyone who 
has observed the chalk, with the adjoining tertiary sands, clays, and 
pebble beds, in the Isle of Wight, standing in a nearly vertical posi- 
tion, must admit that, if such partings were at the bottom of the ad- 
jacent sea, the water would necessarily flow into them. It may be 
doubted that the beds of chalk or other rocks in the Channel are 
standing at a high angle; though in some places in the North 
Downs, notably St. Margaret’s, Chapel Hill, they have quite a sudden 
dip, as mentioned by Hopkins; but there are no positive grounds for 
altogether excluding from the line of the tunnel beds lying at angles 
not exempt from danger: even if their dips be as low as 15°, which is 
a common figure, bedding partings, it is to be apprehended, would 
serve as channels for the water to penetrate to the roof, or sides of 
any submarine excavation. 

Moreover, geologists who have examined the counties under con- 
sideration have noticed the frequent occurrence in the chalk of ‘‘ sand 
pipes” or ‘‘ gravel pipes’’—large cylindrical openings in a vertical 


1 Transactions of the Royal Irish Academy, vol. xxv., pp. 605-662 (1875); An 
Old Chapter of the Geological Record (Appendix), pp. 107-119 (1881). 
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position, and from 40 to 80 feet deep, which, from the arrangement of 
their contents, have evidently been swallow holes, down which water 
passed into subjacent catch basins. 

That similar openings are now in existence in the Channel may be 
considered as more than probable, seeing that ‘‘sand pipes’ in Kent, 
as brought to light by Professor Prestwich, though at present at a 
considerable elevation above the sea level, must have been at the bot- 
tom o* the sea during some portion of the Pliocene period, since occa- 
sionally they contain the casts and other remains of marine shells 
(Lerebratula grandis and Lutraria elliptica) living at the time.’ 

But dislocations, fractures of disruption, inclined bedding partings, 
porosity and sand pipes, are not the only sources of water leakage 
that may be met with while excavating the Channel Tunnel: another, 
if a not more serious one, remains to be noticed. Rock jointing possesses 
characters favouring the idea of its being totaily distinct from fractures . 
of disruption—rather, a divisional structure developed by no ordinary 
mechanical agency ; but whether this be the case or not, jointing re- 
quires to be closely considered by all parties immediately interested in 
carrying out the proposed undertaking to a successful issue. 

The phenomenon now entered upon consists of regular and persist- 
ently parallel fissures, characteristic of both stratified and unstratified 
rocks: the softest shales and hardest granites are alike affected by it; 
and these may be of any geological age—from the Archeeans up to the 
Eocenes. Altogether independent of bedding or stratification, the 
planes of jointing intersect those due to deposition, inasmuch as their 
usual position is oblique, or rectangular, to bedding, whether it be 
horizontal or inclined. Although, in general, from under an inch and 
often many more apart (produced by the erosive action of the water 
and other wasting agencies, also by stratic disturbances, making a joint 
resemble an ordinary disruptive fracture), the conjunctive planes or 
walls of a joint, in their normal or original condition, are in the closest 
possible contact, appearing as if they had been made by the thinnest 
and sharpest cutting instrument; and this is equally the case with 
foreign bodies, as blocks or pebbles of granite enclosed in conglome- 
, rates: the same planes have not uncommonly a surface as smooth, 
and occasionally as lustrous (like those of mineral cleavage), as if they 
had come direct from the hands of amarble polisher. The joints lie at 
varying distances from one another, haying usually one, two, or more 
feet of separation; but examples are rather frequent in which they 
lie from an eighth to above an inch apart. 

In the case of rocks lying horizontally, jointing, besides affecting a 


2 Quarterly Journal of the Geol. Soc., vol. xiv., pp. 322-835. Being present at 
the meeting of the Geological Society (Jan. 21, 1857), when Prof. Prestwich’s 
Paper was read, I had an opportunity of examining the shells: the second one was 
stated to be a Mya-like species. From certain characters it possessed, I felt certain, 
as I there and then expressed, that it belonged to the still-existing species named 
in the text. 
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more or less vertical position, is found to be resolvable into two or 
more directional series or systems, each being distinguished by uniform 
parallelism, also by a definite and an independent course, of its mem- 
bers. It is also found that these systems are traceable, as in the lime- 
stone districts of the west of Ireland, over areas hundreds of miles in 
extent; often, however, more developed in some places than in others, 
or suddenly disappearing here, and as suddenly setting in with great 
force elsewhere. The remarkable approximate parallelism of these 
systems with the meridians and the equator seems to give propriety 
to one being named meridional and the other equatorial. 

That jointing ought to command the closest attention of engineers 
engaged on subaqueous works must now be evident. The following 
case is added, however, to make the statement still more obvious :— 

During the famine period of 1845-1848 in Ireland, the Board of 
Public Works commenced the construction of a canal through beds of 
Carboniferous limestone for drainage purposes, and the opening out ofa 
water communication between Loughs Corrib and Mask of about four 
miles in length. But, on nearly completing the work, it was found 
that the joints, well developed in the limestone, and probably taken 
to be little more than superficial, carried off all the water, necessi- 
tating much additional and unexpected outlay to remedy the defect. 
Thus after an expenditure, as I am credibly informed, of £40,000 of 
public money, what was intended to be a canal turned out to be 
nothing else than a dry ditch; and as such it still remains—a warning 
to all engineers not to neglect becoming acquainted with an important 
geological phenomenon. 

Passing to the Channel Tunnel, it is true that this scheme has 
nothing to do with rocks in which jointing is so well developed as in 
the Carboniferous limestone and other Primaries. Still, with the facts 
that have been before us, together with others which are yet to be 
noticed, I feel confident the undertaking, if it ever be properly 
entered upon, will develop graver difficulties than any that have been 
conceived by those who are actively promoting it. 

For anything known to the contrary, it may be safely assumed 
that the rocks to be penetrated by the tunnel are the sandstones, 
shales, and chalk formations, included in the Cretaceous and Neocomian 
Systems, known to exist in the counties that have been mentioned, 
also in the Bas Boulonnais on the opposite seaboard of France. 

As stated before, these rocks in Kent and Surrey have been thrown 
into flexures, running axially in a nearly east and west direction ; while 
parallel with them is a number of dislocations or faults, and fractures. 
A marked feature of the flexures is, that they are broken right across 
by transverse gorges, seen particularly where they are in the form of 
ridges, through which the main rivers flow into the Thames and its 
estuary on the north, and into the Channel on the south. 

Different hypotheses have been offered in explanation of these east 
to west valleys and north to south gorges: the generally accepted one 
ascribes them to the mechanical forces which upheayed the wealden 
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anticlinal. I am more inclined to take the view that they were origin- 
ally equatorial and meridional joints existing previously to the up- 
heaval, some having been widened so as to resemble crevices, and others 
converced into the faults common in the district. This view* may be 
taken as strongly supported by the fact that jointing of both systems 
are to be seen within the area under consideration, occurring in beds 
that can only have been slightly disturbed. Near St. Leonards, one of the 
wealden members, lying below high-water mark, is distinctly divided 
by both meridional and equatorial jointing in its typical form; and, to 
all appearance, it seemingly has no more resulted from stratic dis- 
turbances than the corresponding structures so wonderfully developed 
in the nearly horizontal limestones in the Burren of Co. Clare. 

On the opposite parts of France clear evidences occur in the chalk 
rocks of the same coincidences between jointing, faults, &c., highly 
calculated to give rise to serious apprehensions in connexion with the 
tunnel. M. Daubrée* has mapped the river-drainage of the district 
watered by the lower part of the Somme, which, it is well known, 
takes two main directions, approximately N.E. to 8. W. and N.W. to 
S.E. He has also determined these bearings to be in parallelism with 
two systems of fracture referable to those of jointing. 

If further evidences adverse to the Channel Tunnel be called for, 
I would urge anyone to consult M. Daubrée’s figures and description of 
a long stretch of coast near Tréport, north of Dieppe, occupied by 
chalk-cliffs, crowded with vertical jointing belonging to the same in- 
tersecting systems; also to examine the ‘‘ many small faults” and 
‘“‘very marked and constant joints” which characterize the chalk-cliffs 
in many places near Margate,’ and the ‘‘ numerous nearly vertical cre- 
vices” intersecting a bed of chalk fifty feet thick close to Dover, at the 
base of Shakespeare’s Cliff.° 

The cases above noticed are sufficient to show the strong proba- 
bility that the chalk rocks to be penetrated are more or less affected by 
sources of water leakage: indeed it may be contended that, what with 
inclined bedding partings, faults, disruptive fractures, true jointing, 
swallow holes and rock-pordsity, the engineers of the Channel Tunnel 
will have a serious work in hand. 

That the tunnelling of the Strait of Doveris expected to bring out 
adverse contingencies is evidently anticipated, as some of the engineers 
have proposed to line the work with blocks of concrete, formed of chalk 
on the spot, and gravel from a distance. But it is extremely doubtful 
that this material would have sufficient strength, or power of resist- 


8 Prof. Haughton, M. Daubrée, and others, take the mechanical view as to the 
origin of jointing. Prof. Phillips (whom I follow) leaned to what may be called 
the physical view. 

4 Ktudes Synthétiques de Géologie, prem. partie, 324-326, 360. 

5W. Whitaker, Q. J. Geol. Soc., vol. xxi., p. 396. 

6 W. Phillips, Zrans. Geol. Soc., 1st 8., vol. v., p. 34. 
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ance, to withstand the force and action of the water circulating 
through all the leakages that may be expected. I would, therefore, 
urge, as absolutely necessary, should the tunnel be undertaken, that 
it be lined throughout with masonry consisting of squared blocks of 
the most resisting, impervious, and endurable stone. Obviously, how- 
ever, this cannot be done except at an enormous expense—a matter 
which may be safely left to be considered by capitalists. 
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LXXIX.—Report upon THE Botany oF THE MacertLicuppy’s ReEeExs, 
Co. Kerry. By H. C. Hart. 


[Read, April 24, 1882. ] 


On the 18th July, 1881, I reached Glencar Hotel, at the western 
extremity of the Reeks. This hotel, upon the banks of the river 
Caragh, is a favourite resort for anglers; and a better head- 
. quarters for those who are in search of mountain scenery could 
not be selected in Ireland. From here I frequently traversed 
the whole length of the range, making my way into Killarney 
at night, and returning over the mountains in another route the 
following day. I spent fifteen days amongst the Reeks, and, by 
using cars or boats as much as’ possible below, I passed most of 
those days high up amongst the numerous alpine cliffs and ridges, 
or in the neighbourhood of some of the mountain tarns. 

The Reeks stretch from their eastern extremity at the Gap of 
Dunloe to the end of the Beenbane spur, above the road from 
Glencar to Cloon Lake, a distance of about ter: miles west from 
the Gap. The road from Glencar to the Gap is a northern bound- 
ary, while the Black Valley, and the valley of the Caragh define 
the southern limits of the range. 

From Lake Auger in the Gap of Dunloe a series of precipitous bluffs 
carries us up at once to a height of nearly 2000 feet, which goes 
on increasing along a serrated ridge till it reaches 3000 feet above 
Lough Cummeenapeasta, about two and a-half miles west of the 
Gap. This ridge can be traversed then for the whole extent of 
the range, and forms the grandest bit of mountaineering to be met 
with in Ireland. For several miles it maintains an altitude of 
about 3000 feet, sometimes narrowing into a jagged knife-edge, 
and here and there descending abruptly into some of the nume- 
rous lakes nestled amongst the precipices below. Upon reaching the 
highest point, Carran Tuohill, 3414 feet, a northern branch extends 
to Beenkeragh, 3314 feet, and to Skregmore, 2790 feet; while the 
axis proper carries us on by Caher, 3200 feet, and Curraghmore, 2680 
feet, down to the head of Cummeenacappul, where lies a gap in the _ 
ridge, which forms a connexion between Cummeenacappul on the one 
side and the valleys of Caragh and Cummeenduff (‘‘ Black Valley ’’) 
on the other or south side. This gap is perhaps the proper western 
extremity of the Reeks; it lies, however, at about 1000 feet above 
sea level, and the Beenbane spur rises again from it to the westward, 
finally descending to a low level at the river Caragh. The latter ap- 
peared, therefore, the more natural boundary. 

The Reeks are composed for the most part of hard green and 
purple grits, and sandstones of the geological formation of Old Red 
Sandstone age. In consequence of the firmness of these rocks, the 
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numerous ranges of cliffs are safe to climb amongst, and there are 
few points available for alpine plants that I did not succeed in 
examining. 

There are several lakes in the Reeks; thirteen fall within the 
bounds above laid down. Some of these are at considerable alti- 


‘tudes, as Cummeenoughter (the ‘‘ Devil’s Looking-glass’”’ ) at 2338 


feet, and Cummeenapeasta at 2156 feet; while, by including Lake 
Acoose at 500 feet, we have means of comparison at various heights 
for about 2000 feet of the altitudes at which different aquatic 
plants can exist. All these lakes I examined; but the chief haunts 
of the alpine plants in the Reeks lic, as a rule, at higher altitudes 
than even the uppermost of these lakes. No general rule, except 
that of height, would guide a botanist to the rarer plants; they 
occur upon cliffs with various aspects, at both northern and south- 
ern sides of the chain. Absence of the direct influence of strong 
sunlight, with moisture, and a sufficiency of cliffs, enable alpine 
plants to descend to a level more than usually low, as on the cliffs 
above Lake Auger in the Gap of Dunloe. These latter are amongst 
the worst, though at the same time most attractive, cliffs, to climb 
throughout the Reeks. It will be found, however, that lowland 
plants ascend to a more considerable height upon the southern than 
upon the northern flanks of the range. I estimated this difference at 
a rough average of about 500 feet. 

The most inviting ground for a botanist lies perhaps amongst the 
cliffs south of Lough Eagher, at the head of Cumloughra. There is, 
however, a high valley, or rather series of coombs, to the north of 
Lough Googh, which is more alpine in its botanical facies than any 
other point of the Reek. Most of the alpine plants of the range grow 
here to perfection, while numerous grottos shelter a luxuriant growth 
of ferns, which are, I think, inaccessible enough to be tolerably safe 
from the depredation of collectors. A good colony of holly fern was 
here discovered, while green spleenwort and brittle fern are every- 
where abundant. 

The variable Draba incana is also to be gathered here, and several 
saxifrages are very common. The amphitheatre of cliffs around the 
‘<Devil’s Looking-glass”’ is attractive ground for explorations also. 
In the upper margin of these precipices Aira caespitosa, var. alpina, a 
viviparous form, not previously recorded in Ireland, but known on 
the Scottish Highlands, is frequent. I have gathered this form also 
upon Baurtregaum in the Slieve Mish range, west of Tralee, at 2200 
feet, and upwards. From the crest of these cliffs westward, above 
the ‘“ Looking-glass,” the view obtained, as one looks across the 
lonely tarn below, through a vista opening up the Hag’s Glen, and 
its towering precipices surrounding its two lakes, stretching far east- 
ward amongst heights and peaks across a broad valley, to be closed up 


— 


1See under Aira at 3100 feet, post. 


Hart—Report on the Botany of Macgillicuddy’s Reeks. 575 


again by the lofty summit of Cummecnapeasta against the sky, is one 
which I have never seen surpassed in grandeur and beauty combined. 

The highest altitude at which I observed cultivation was at about 
800 feet in the Hag’s Glen, and 730 feet in Cummeenacappul on its 
western side. But, while the base of the chain is mountainous in 
character and undoubtedly part of the mass of mountains forming the 
Reeks, it seems unadvisable to set an artificial downward limit to my 
enumeration of the flora of the chain. There is so interesting a low- 
land flora in Kerry, that it seemed to me quite as important to note 
how these species below were checked in their distribution on its 
flanks by a mountain chain, as to study the range of the plants 
amongst the mountains themselves. 


I have used, in my appended catalogue, the names of places as - 


given in the Ordnance Map. These are very scanty, so that I have 
given the summits above the Lakes Cummeenmore, 3141 feet, and 
Cummeenapeasta, 3062 feet, the names of these lakes respectively. 
In adopting the names to be found on the Ordnance Maps, I did what 
appeared to be necessary for purposes of reference; but the local 
names are often quite different, and frequently the names on the Map 
were quite unknown in the country. One advantage the Maps of this 
district possess, namely, the levels above the sea of the mountain lakes, 
which are given on the Six-inch Survey. In order to show that ane- 
roid observations are sufficiently reliable, I append a list of the heights 
of these lakes, as estimated by me on the spot, with those recorded by 
the survey afterwards taken down in Dublin :— 


ANEROID. SURVEY. 
Lake Googh, 1600 feet above sea level, . . 1590. 
,, Callee, LOO. - ‘ s 1095: 
,, Gouragh, EO: \ 3. - : ee 26: 
,, Curraghmore, 1000 ,, fe : . 1004. 
,, Cummeenoughter, 2400 ,, ‘h Y . 23388. 
,, Cumloughra, 1550 ,, - : 5 UGS 
,, Highter, 1500, -;, 4 ; . 1424, 
», Acoose, 500 ,, re : a oO. 


The district examined yielded in all 220 species; of these the fol- 
lowing ten alpine plants belong to Watson’s Highland type :— 


Draba ineana. Carex rigida. 

Sedum Rhodiola, Polystichum Lonchitis. 
Hieracium anglicum. , Asplenium viride. 
Oxyria reniforms. Isoetes lacustris. 


Salix herbacea. 
To these may be added the following sub-species :— 


Armeria alpina, Aira alpina, 
Cochlearia alpina, 
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and Lycopodium alpinum, which Mr. More informs me he has gathered 
upon the Reeks, but which I failed to notice. 

Considering the extent of elevated cliffs, the above is a poor alpine 
flora. The northern or Scottish type plants are, considering the lati- 
tude, at least as well represented; these are :— 


Subularia aquatica. Empetrum nigrum. 
Sazifraga hirta. Carex limosa. 
Antennaria dioica. 

Lobelia Dortmanna. 


As might be expected, from the western situation, several of Wat- 
son’s Atlantic type plants find their way up the slopes of the Reeks, 
as— 


Sedum anglieum. Pinguicula lusitaniea. 
Cotyledon umbilicus. Euphorbia hyberna. 

Carum verticillatum. Scirpus saviv. 

Bartsia viscosa. Hymenophyllum tunbridgense. 


HT, Wilsons. 


The undermentioned species are peculiarly interesting as not 
being native in Great Britain :— 
fo) 


Saxifraga geum. Pinguicula grandiflora. 
S. umbrosa. Trichomanes radicans. 
S. hirsuta. 

Arbutus Unedo. 


The following are rare plants in Kerry, for which I discovered new 
localities on the Reeks :— 


Thalictrum minus. Mreracium anglicum. 
Subularia aquatica. Empetrum nigrum. 
Llatine hexandra. Salix herbacea. 
Filago minima. Malaxis paludosa. 
Antennaria droica. Sparganium natans. 


Carex limosa. 
Polystichum Lonchitis. 


As these are the highest mountains in Ireland, I recorded the 
ranges of plants with much care, and repeated corroboratory checks. 
I mention this lest it be thought my notice of altitudes is given too 
profusely. 

Further, I purposely refrain from making any general statements 
with regard to mountain botany, or remarks of comparison with other 
Irish ranges, until better enabled to do so by a more complete ex- 
perience. 

I wish here to make a remark upon the saxifrages: Having 
submitted a series to Mr. Baker, of Kew, he refers all the S. 
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hypnoides forms to S. hirta, Sm. This plant is very variable, and 
occurs in two well-marked forms, the typical plant occurring at 
greater heights, and usually in more alpine situations and amongst 
alpine neighbours. Specimens from Baurtregaum, on the Slieve Mish 
range Mr. Baker has called S. affinis, Don. It is quite indistinguish- 
able from the plant of the Reeks; but bears sometimes a close resem- 
blance to S. cespitosa, Linn. Unfortunately an inversion of names 
appeared in my ‘‘ Report? on the Botany of the Galtee Mountains.” 
I have there said that S. platypetala is the form usually met with in 
wetter mossy places at low levels by streams; ‘‘while S. hirta, var. 
genuina, the finest cut form with bristle- pointed leaves, is especially 
characteristic of the bases of the loftier cliffs.” These names should 
be transposed. 8S. platypetala of the Galtees, this finest leayed form, 
is very distinct in appearance, more so, I think, than any of the others ; 
it is named S. sponheimica, Gm., by Baker, and I have only met with 
it upon the Galtees. 

With regard to the S. umbrosa forms ; ; as we travel westward S. 
geum becomes more prevalent. On the Galtees S. umbrosa alone 
occurs; on the Reeks S. umbrosa is most abundant; but S. geum 
is frequent, while S. firsuta occurs. 8S. gewm, however, never 
ascends to any great height on the Reeks, finding its upper limit 
at 1650 feet in Cumloughra, while S. /irsuta is quite lowland. 
On the Sleve Mish Mountain, west of Tralee, S$. gewm prevails at 
2500 feet, and is abundant. 


GENERAL LIST OF PLANTS 


Observed on the Macernticuppy’s REExs, arranged in descending order. 


Sumit oF Carran TUoHILL. 
8414 feet. 


Galium saxatile (Linn.)\—On all the summits, and downwards. 

Vaceinium Myrtillus (Linn.)—On all the summits, and downwards. 

 Armeria maritima (Willd.)—Occurs on all the highest points com- 
monly, and reaches downwards to 1900 feet on the cliffs of 
Caher, 8.W. from Cumloughra; and 1000 feet on the muddy 
shore of Curraghmore lake. 

Rumex Acetosa (Linn.)—On all the summits, and downwards, 

L. acetosella (Linn.)—Not so common as the last; occurs again at 3070 
feet, S.W. from Lough Cummeenapeasta, and elsewhere. 

Luzula sylvatica (Bichen.)—With the last, and on the summit above 
Lough Cummeenmore at 3070 feet; decreases at 2000 feet, and 
scarce lower than 1500 feet in Cumloughra. 


2 These Proceedings, antea p. 392. 
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Aira flecuosa (Linn.)—Common at all heights. 
Agrostis vulgaris (With. )—Common at all heights. 


Carran Tuonitt (Norru Sie). 


3400 feet. 


Saxifraga stellaris (Linn.)—Occurs on Caher at 3100 feet, north side ; 
reaches to 1050 feet on Bull’s Mountain, and finds its lowest 
limit at 750 feet by the stream in Cummeenacappul. 


3870 feet. 


Saxifraga umbrosa (Linn.)—Universally distributed ; see introductory 
remarks. 


Sumit oF BEENKERAGH. 
3300 to 3314 feet. 


Empetrum mgrum (Linn.)—From 8000 feet to the summit; does not 
occur on the Carran Tuohill or Caher heights. It ranges across 
the Hag’s Glen to Cummeenapeasta, where it is very abundant, 
and the neighbouring heights, finding its lowest limit at 1700 feet 
on the east side of the Glen. It occurs also on the Gap from the 
Hag’s Glen to Curraghmore Lake, and at the Hag’s Tooth. 

Calluna vulgaris (Salisb.)—The upper part of Carran Tuohill, though 
containing suitable soil, appears to be above the vertical limit of 
this plant; it was very stunted in the present station, and at 
Cummeenmore (3140 feet) it was dwarfed and dead. It struggles 
up to 3250 feet on Carran Tuohill. 

Festuca duriuscula (Linn.)—Also at 3140 feet on Cummeenmore; 
viviparous at 3100 feet on Caher. 

Juncus squarrosus (Linn.)—Up to 3000 feet on Caher. ~ 

Carex stellulata (Good.)—38050 feet on Caher; 3000 feet down Cum- 
meenapeasta. 

Hymenophyllum Wilsoni (Hook.)—This fern is very abundant, forming 
carpets amongst the loose boulders on the summit of Beenkeragh; 
at 2900 feet on the Caher cliffs, 8. W. from Cumloughra, and fre- 
quent at lower heights. 


Carran Tvuonrn (8S. W. Sipe). 
3280 feet. 


Thymus Serpyllum (Linn.)—Very common from about 3000 feet down- 
ward, especially about Cumloughra; at 3100 feet on Been- 
keragh. 

3200 feet, N. W. side. 

Viola sylvatica (Bab.)\—Occurs up to 3100 feet on the north side of 

Caher. 
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Leontodon autumnalis (Linn.)—In small quantity at this unusual 
height; again at 2690 feet, S. W. side of Carran Tuohill, and 
2250 feet in Cumloughra. 


Cuirrs above Loven CumMErnovcHter (THE ‘‘ Devit’s Looxrne- 
eL~ass”’) on Carran TUOHILL. 


3150 feet. 


Saxifraga hirta (Sm.)—(var. genuina)—The commonest form amongst 
the upper cliffs, and occurring downwards as far as Lake Eighter, 
1500 feet. This latter is the lower limit of all forms of the 
present species. See introductory remarks. 

Sedum Rhodiola (D.C.)—Frequent, and occurring at 1200 feet, its lower 
limit on Bull’s Mountain, above Lake Auger, in the Gap of 
Dunloe; 2900 feet on Cummeenapeasta; 2850 feet on Caher. 
Ceases at 1700 feet above Lough Curraghmore. 

Melampyrum pratense (Linn.)—(var. montanum)—And at 3120 feet on 
the south side of Caher; at 3100 feet on Carran Tuohill and 
Beenkeragh, &c. 

Oxyria reniformis (Hook.)—In most of the upper gullies; to 1650 
feet im Cumloughra; and 1500 feet on Mount Brassel, above 
Lake Callee. 

Cystopteris fragilis (Bernh.)—Very luxuriant above Lake Googh at 
about 2500 feet; and in Cumloughra at 1400 feet above Lake 
Curraghmore on cliffs looking south; disappears here as a mountain 
plant. 

Lastrea Filiz-mas (Presl.)—A stunted mountain form, is frequent at 
the head of the Hag’s Glen; Caher, 2850 feet; Cumloughra, 
2400 feet. 

Blechnum boreale (Sw.)—Not frequent till about 2800 feet. 

Asplenium viride (Huds.)—At 2850 feet above Cumloughra; lower 
limit at 1850 feet in Cumloughra. Remarkably luxuriant in 
the coombs above Lough Googh; a common plant at a sufficient 
height on the Reeks. 


Cannan Tuonrt (S.-W. Sme). 
3120 feet. 
Potentilla Tormentilla (Schenk.)—And at 3000 feet on Caher; abun- 
dant from that height downwards. 
Caner (Sourn SE.) 
3120 feet. 


Campanula rotundifolia (Linn.)—At 3100 feet at the head of the 
Hag’s Glen; frequent from two to three thousand feet in Cum- 
loughra; disappears at 1860 feet above Lough Curraghmore. 
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Luszula campestris (D. C.\—Again at 2850 feet, Cumloughra; not un- 
frequent. 

Carex pilulifera (Linn.)—And at 2350 feet, Cumloughra; 800 feet in 
Cummeenacappul ; not common. 

Nardus stricta (Linn.)—Occurs also at 2690 feet on S.-W. side of 
Carran Tuohill; common below that. 


Carrzan Tvonrt (Nort Sipe). 
3100 feet. 


Cochlearva officinalis (Linn.)—Var. alpina ; in gullies above Cummeen- 
oughter ; lower limit at Cumloughra Lake level, 1550 feet. 

Aira cespitosa (Linn.)—var. vivipara ; A. alpina (Linn. )—This form is 
well marked at the present height and all around the cliffs at about 
2700 to 2800 feet above Cummeenoughter to Beenkeragh; at the 
level of the Devil’s “‘Looking-glass” (2350 feet) it is found in an 
intermediate stage, and, travelling still downwards, we find normal 
A. cespitosa immediately below by the shores of Lough Gouragh, 
at 1150 feet. In A. G. More’s ‘Recent Additions to the Flora of 
Ireland” he records A. cespitosa, ‘‘which, except that the fiorets 
are not viviparous, Dr. Syme considers indistinguishable from 
the Scottish A. alpina; grows near the summit of Carn Tual.” 
I found it commonly viviparous, and constantly so at its upper 
limit. Mr. Baker refers to it A cespitosa, var. vivipara. It 
is, no doubt, identical with the Scotch plant. 


RipGE BETWEEN Lake CURRAGHMORE AND LAkE CUMMEENAPEASTA. 
3070 feet. 
Luzula multifiora (Lej.)—Common downwards. 


RivGE BETWEEN CARRAN TUOHILL AND BEENKERAGH. 
8050 feet. 


Jasione montana (Linn.)—Becoming frequent at about 2600 feet in 
Cumloughra. 

Carex rigida (Good)—Frequent from 2900 to 2800 feet above Cum- 
loughra; lower limit at 2100 feet in Cumloughra. 


SuMMIT ABOVE LAKE CUMMEENAPEASTA. 
3050 feet. 


Salix herbacea (Linn.)—At 3000 feet on the north side of Caher; 
plentiful on the cliffs between Caher and Cumloughra, from, 
2700 to 2850 feet, below which I did not meet with it. Frequent 
along the ridge between Cummeenapeasta and Curraghmore lakes, 
and on Carran Tuohill at the northern side. 

Lycopodium Selago (Linn.)—Frequent to about 2300 feet ; lower limit 
at 1850 fect above Cumloughra. 
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Cannan Tuonttt (S.-W. Srpz). 
3030 feet. 


Anthoxanthum odoratum (Linn.)\—Again at 2850 and 2450 feet in 
Cumloughra; and then becoming frequent. 


RipGE ABOVE CUMMEENAPEASTA LAKE. 


3000 feet. 


Cerastium triviale (Link.)—At 2610 feet on Caher; then frequent. 

Solidago Virga-aurea (Linn.)—At 2776 feet above L. Curraghmore ; 
frequent in Cumloughra, &c. 

Lastrea dilatata (Presl.)—At 2350 feet, close to the lake, in Cummeen- 
oughter; at 2100 feet in Cumloughra, and then becoming fre- 


quent. 
2950 feet. 


Ranunculus aeris (Linn.)—At 2850 and 2450 feet, Cumloughra; and 
then frequent. 


CLIFFS BETWEEN CAHER AND CUMLOUGHRA. 
2940 feet. 


Cardamine pratensis (Linn.)\—At 2550 feet S.-W. side of Carran Tuo- 
hill, and at 2450 feet, Cumloughra. 


2900 feet. 
Antennaria dioica (Goert.)—Very rare; only a few plants noticed. 
Carran Tuonttt (S.-W. Sipe). 
2880 feet. 


Euphrasia officinalis (Linn.\—And from about the same height on 
Caher; common. 


RIDGE BETWEEN CAHER AND Carran TUOHILL. 
2850 feet. 


Asplenium Trichomanes (Linn.)—This fern is scarce at any considerable 
altitude in the Reeks; it is more frequent in the Gap of Dunloe on 
the Bull’s Mountain than elsewhere. 


S.-Hastern Sipe oF Carran Tuonrt1, apove L. CurraGHMore. 
2800 feet. 


Orchis maculata (Linn.)—Not met with elsewhere at any great height. 
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Summit N.-E. rrom L. Curracumore. 
2776 feet. 
Eriophorum vaginatum (Linn. ) 


Cuirrs S.-W. From CumMLOUGHRA. 
2610 feet. 


Angelica sylvestris (Linn.)—Afterwards not unfrequent; 2550 feet 
above Lough Googh. 
Polypodium vulgare (Linn.)—Common below. 


Cannan Tuonit (S.-W. Sipe). 
2550 feet. 


Ranunculus repens (Linn.)\—Rare at great heights; 2450 feet on 
Caher. 

Viola palustris (Linn.)—2200 feet above Lake Googh; frequent at 
lower levels. 

Carex flava (Linn.)—Common at lower levels, from 2300 feet down- 
wards. 


Cuirrs Norte oF Lace Gooenu. 
2550 feet. 


Draba incana (Linn.)—And at 2470 to 2380 feet on cliffs looking 
south between Cummeenmore and the Black Valley. In two 
distinct gullies here, and not scarce in a limited space above 
L. Googh. Only occurs on the south side of the Reeks. Varies 
much in hairiness, incision of leaves, etc. 

Cardamine hirsuta (Linn.)—Again at 1390 feet in the central gully 
from Cumloughra; not at greater altitudes. 

Stellaria media (With. )—Not met with elsewhere at any great height ; 
975 feet, Beenbane. 

Veronica Chamedrys (Linn.)—Again at 2470 feet on the southern side 
of Cummeenmore, and 1950 feet in Cumloughra. 

Poa annua (Linn.)— Again at 2250 feet on the southern side of Cum- 
meenmore, and at 2400 in Cummeenoughter. 

Carex binervis (Sm.)—And at 2470 feet in Cummeenoughter ; common 
below. 

C. panicea (Linn.)—An unusual height for this sedge; 1850 feet, 
Cumloughra. 

Polystichum Lonchitis (Roth.)—I discovered a colony of well-grown 
plants of the holly fern in a tolerably safe position here. I trust 
any future visitor will disturb it as little as I did. This, one of 
the rarest Irish ferns, grows also sparingly on Mangerton and 
Brandon in Kerry. Elsewhere in Ireland it occurs only on the 
Ben Bulben and Glenade ranges. 


4 
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Cuirrs ABovE CummeENoveHTeEr (‘‘ Drvin’s Looxrne-GLass.’’) 
2500 feet. 


Mieracium anglicum (Fries.)\—At 2080 feet, cliffs south of Cummeen- 
more; in Cumloughra and on Bull’s Mountain in several places, and 
finding its lowest limit on the Bull’s Mountain cliffs above Lake 
Auger in the gap of Dunloe at 1100 feet ; not previously recorded 
from the Reeks. 


CaHER, ABOVE CUMMEENACAPPUL. 
2500 feet. 


Erica cinerea (Linn.)—A small isolated patch of heather occurs on the 
southern brow of the ridge between Curraghmore and Caher; as 
a feature in the vegetation it ceases upwards here at 2200 feet. 
Ceases at 2200 feet on Cummeenmore; at 2150 feet, Bull’s 
Mountain; at 1950 feet, Cumloughra, and at 1700 feet above 
L. Curraghmore. 


Carran Tuontit (S.-W. Sinz). 
2480 feet. 


Chrysosplenium oppositifolium (Linn.)—And at 2470 feet, south side 
of Cummeenmore ; then frequent. 


CumMEENMORE, Sourn Ciirrs ABovE CUMMEENDUFF (Brack VALLEY.) 
2470 feet. 


Taraxacum Dens-Leonis (Drof.)—And at 2250 feet and 1950 in the 
central glen from Cumloughra. 

Polystichum aculeatum (Roth.)—And at 900 feet in Cummeenacappul ; 
scarce. 


Carran Tuonrit (S.-W. Sine). 
2440 feet. 


Polygala depressa (Wend.)—True P. vulgaris occurs at 2400 feet at 
the “‘ Devil’s Looking-glass.’’ 
Hypericum pulchrum (Linn.) ) Again at 2200 feet on south side of 
Cummeenmore Mountain. 
Pedicularis sylvatica (Linn.) ) Soon becoming common. 


Sourn Sipe or CUMMEENMORE. 
2380 feet. 


Carex pulicaris (Linn.)—Also at 1800 feet above Lough Curraghmore ; 
rather scarce. 

Rhinanthus crista-galli (Linn.)—And at 1500 feet, Bull’s Mountain, 
above the Gap of Dunloe. 
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CUMMEENMORE, BY THE LAKE. 
2350 feet. 
Ranunculus Ficaria (Linn.)—And at 2250 and 1950 feet in Cum- 
loughra. 
2338 feet (Ordnance height.) 
Lsoetes lacustris (Linn.)—And in Lake Eighter, 1500 feet. 
Currrs §.-W. From CUMLOUGHRA. 
2300 feet. 


Pyrus Aucuparia (Linn.)—A solitary seedling. Again at 1360 feet on 
Beenbane; scarce on the Reeks. 


Souru Sipr or CUMMEENMORE. 
2300 feet. 


Stellaria uliginosa (Murr.)—And at 1558 feet, level of lakes in Cum- 
loughra; frequent below this last height. 


Heap or CumMLoUGHRA. 
2300 feet. 


Athyrium Filiz-femina (Roth.)\—Not elsewhere at any considerable 
height. 
2250 feet. 


Oxalis Acetosella (Linn.)—Becoming frequent at about 1800 feet. 

Digitalis purpurea (Linn.)—At the same height on the southern side 
of Cummeenmore; not frequent for about a thousand feet down. 

Molinia caerulea (Meench.)—Not abundant for about seven hundred 
feet lower down. 

Juncus conglomeratus (Linn.)—Frequent in upper valleys. 


Axsove LAKE CUMMEENMORE. 
2250 feet. 


Pinguicula grandiflora (Lam.)—I gathered this beautiful plant in 
flower at this height, and again at 1780 feet in the Hag’s Glen. 


Sourm SipE oF CumMEENMORE MovuntTAIN. 
2250 feet. 


(Several lowland plants reach an unusual 

height on this southern face of the 
2 Reeks above the Black Valley. Prim- 
‘ rose occurs again at 1850 feet, Cum- 
| loughra; Veronica officinalis at 1068 
feet above Curraghmore Lake. 


Veronica officinalis (Linn.) 
Primula vulgaris (Linn. ) 


= i A 
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2200 feet. 


Ulex Gallii (Planch.)—Also at 2000 feet on Caher above Cummeena- 
cappul, 1350 feet in the Hag’s Glen, and 1480 on Beenbane ; quite 
unusual heights for the dwarf furze. 


See under Primula vulgaris. Plantago 
lanceolata occurs at 1800 feet above 
L. Curraghmore. Spirea Ulmaria at 
1350 feet above Curraghmore Lake. 


Spiraea Ulmaria (Linn.) 
Plantago lanceolata (Linn.) 
Juncus articulatus (Linn. ) 


Heap or CumLoveHra. 
2150 feet. 
Poa pratensis (Linn.)—Scarce. 
Nortu or Loven Gooex. 
2100 feet. 


Alchemilla vulgaris (Linn.)—Scarce ; at 1400 feet on Beenbane. 

Aira cespitosa (Linn.)—See under A. alpina at 3100 feet above. At 
2080 feet on the south side of Cummeenmore Mountain. 

Lastrea emula (Brack.)—A remarkable altitude for this fern ; occurs 
also at 1340 feet above Lake Cummeenmore. 


Curr at S. W. or CumLoucHRa. 
2100 feet. 


Pingwicula vulgaris (Linn.)—Again at 1750 feet in the Hag’s Glen. 
It is very unsafe to attempt to distinguish this plant from P. 
grandiflora when not in flower. 


Sour Sipe or CumMEENMORE MovuntaIN. 
- 9080 feet. 


_ Lhalictrum minus (Linn.)—At 1500 feet on Mt. Brassel, above Callee 
Lake, and in several places from 1400 feet to 980 feet on Bull’s 
Mountain above the Gap of Dunloe. 

Hypericum Androsemum (Linn.)—An unusual altitude for this plant to 
be found at; in one place only. See remarks under Primula vul- 
garis at 2200 feet. 


CaHER, ABOVE CUMMEENACAPPUL. 
1950 feet. 

Erica tetralix (Linn.)—Finds its upper limit at 1750 feet in Cum- 
loughra; at 1550 feet on Cummeenapeasta, in the Hag’s Glen, 
and at 1650 feet above Lake Curraghmore. 

Carex glauca (Scop.)—Again at 1650 and 1550 feet, Cumloughra, &c. 
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Heap or CuMLOUGHRA. 
1950 feet. 


Montia fontana (Linn.)—Again at 1780 feet by Lough Cummeenmore ; 
and 1650, Cumloughra. 


Asove Laxe CurracHMore (to THE Nortu-Kast.) 
1800 feet. 


Lysimachia nemorum (Linn.)—Again at 1780 feet by Lough Cum- 
meenmore. 


Carran TuoHILL (ABovE CUMLOUGHRA). 
1800 feet. 
Aira precox (Linn.) 


Lake CUMMEENMORE. 
1780 feet. 


Veronica serpyliifolia (Linn.)—At 1650 feet in Cumloughra. 
Myriophytium alternifiorum (D.C.)—At 1250 feet in Lough Callee, 
Mount Brassel; 1000 feet, Lake Curraghmore. 
Asove Laxe Curragumore (to tHE Nortu-EHasr). 
1700 feet. 


Pieris aquilina (Linn.)—At 1650 feet, Cumloughra; 1550 feet, Cum- 
meenapeasta and Skregmore. 


| 
, 


Cumiovenra (at §.-W. Enp). 
1650 feet. 


Saaifraga Geum (Linn.)——At 1150 feet on the Bull’s Mountain, Gap of 
Dunloe ; at 1090 feet, Breenbane. SS. hirsuta occurs also near 
the lakes in Cumloughra, and in Glencaragh at about 700 feet. 
See introductory remarks. 

Poa trials (Linn.) 

Hae’s Tooru. 
1650 feet. 


Agrostis alba (Linn.) 


Lake Gooau. 
1600 feet. 


Potamogeton pusiiius ( Linn.) 
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CumiovugHRA Lake LEVEL. 
1550 feet. 


Ranunculus Flammula (Linn.) 

Sagina procumbens ( Linn.) These, with most of the other 
Scabiosa succisa (Linn.) lowland plants already mentioned, 
Galium palustre (Linn.) occur more freely now. The alpine 
Narthecium ossifragum (Huds.) | flora has almost entirely disap- 
Juncus acutyflorus (Khrb.) peared. iv 

Glyceria fluitans (Brown.) 


Hae’s Guenw (on CUMMEENAPEASTA). 
1550 feet. 
Prunella vulgaris (Linn.)—And at 1200 feet, head of Glencaragh. 


Burt's Movnrarn (aBove tHE Gap or Duntoz). 


1500 feet. 
Asplenium Adiantum-nigrum ( Linn.) 


Finetas River VALLEY. 
1470 feet. 
Ulex europeus (Linn.) 
Lomicera Periclymenum (Linn.) 
BEENBANE. 


- 1450 feet. 
Menyanthes trifoliata (Linn.) 


Laxe Eicurer (at Entrance to CumLoveHra.) 


1425 feet. 


Lychnis Flos-euculi (Linn.) 

Epilobium palustre ( Linn.) 

Lntorella lacustris (Linn.)—At 1000 feet, Lake Curraghmore. 

Sparganum minimum (Fries.)\—And at 1250 feet, Lake Callee, Mount 
Brassel. 

Eriophorum polystachyum (Linn.)—Upper limit at same height on 
Beenbane. 

Lquisetum limosum (Linn.) 


STREAM ovT oF Laxr Erg@uter. 
1400 feet. 


Sedume anglieum (Linn.) 
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Buti’s Mountain asoveE Laxr AvcER In THE Gap oF DUNLOE. 
1400 feet. 
Silene maritima (With.)—Not met with elsewhere on the Reeks. 


Asove LAKE CUMMEENMORE. 


1380 feet. 
Hedera Helix (Linn.) 
Cherophyllum silvestre (Linn.) 
Bellis perennis (Linn.) 
Betula alba (Linn.) 
Salix caprea (Linn.) 
Axsove Laxe CURRAGHMORE. 
1350 feet. 
Trifolium repens (Linn.) 
Saliz aurita (Linn.) 
Movnt Brasset (Sourn Sme). 
1350 feet. 


Ajuga reptans (Linn.)—And at 820 feet in Glencaragh. 


Hae’s GLen. 
1350 feet.’ 
Llex aquifolium (Linn.)—The finest hollies I have ever seen grow in a 
grove farther down the glen by the Gaddagh River. 
CUMMEENACAPPUL. 
1350 feet. 


Lathyrus macrorrhizus (Winn.)—Scarce: at 550 feet, near Lake 
Acoose. 


By THE River Frinetas. 
1340 feet. 


Euphorbia hyberna (Linn.)—At 1200 and 950 feet in Cummeenacap- 
pul; common lower down. 


CUMMEENACAPPUL. 
1800 feet. 


Salix cinerea (Linn.)—Very scarce and stunted. 
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Loven Carter, Mount Brasset. 
1250 feet. 


Subularia aquatica (Linn.)—And in Lake Acoose, 507 feet at the 
northern side. 

Lobelia Dortmanna (Linn.) — And in most lower lakes, Acoose, 
Googh, &e. 

Potamogeton natans (Linn.)—And at 1100 feet, Lough Calle, Hag’s Glen. 

Carex paniculata (Linn.)--At 975 feet, Beenbane; and 740 feet, 
Lake Curralee. 


WATERSHED, BETWEEN Rivers CaragH AND CUMMEENDUFF. 


1200 feet. 


Centaurea nigra (Linn.) 

Teucrium scorodonia (Linn.) 

Schenus nigricans (Linn.)—At 1100 feet on Feabrahy. 

Triodia decumbens (Beauy.)—At about the same height in Cummeena- 
cappul. 

Dactylis glomerata (Linn.) 


Loven GovracH, Haq’s Gen. 
1126 feet. 


Elatine hexandra (D.C.)—On the northern margin of the lake. 
Callitriche hamulata (Kutz.)—C. verna at 1000 feet, Lake Curragh- 
more. 


Butzi’s Mountain. 
1100 feet. 
Rubus carpinifolius (W. & N.) 


AzsovE Lake CURRAGHMORE. 


1100 feet. 
Vicia sepium ( Linn.) 

SKREGMORE. 

1100 feet. 
Myrica gale (Linn.) 

1050 feet. 


Drosera rotundifolia (Linn.)—1010 feet on Beenbane; 1000 feet, east 
from Lough Acoose. 
Rhynchospora alba (Vahl.) 
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Laxe Curragumore LEVEL. 
1000 to 1010 feet. 


Myosotis repens (Don.) 

Senecio sylvaticus (Linn. ) 

Polygonum Hydropiper (Linn.) 

Juncus supinus (Mcench.) 

J. bufonius (Linn.) 

Holcus lanatus (Linn.) 

Aira caryophyllea (Linn.) 

Hymenophyllum tunbridgense (Sm.) — Forming dense and beautiful 
carpets amongst large boulders by the north-eastern margin 
of the lake; 800 feet in Cummeenacappul. 


West Srpe or CuMMEENACAPPUL TO BEENBANE. 


975 feet. 


Anagallis tenella (Linn. ) 
Hypericum elodes (Linn.) 


By Srream From Loven Goocu. 
970 feet. 


Pinguicula lusitanica (Linn.)—At 950 feet, east of Lake Acoose. Very 
scarce on the Reeks. 


Axsove Laxe Acooss. 
950 feet. 
Carex precox (Jacq.) 
CUMMEENACAPPUL. 
950 feet. 
Sonchus oleraceus (Linn. ) 
Boris Mountain. 
940 feet. 
Cotyledon UOmbilicus (Linn.) 


BetwEen Lake Acooszt and CUMLOUGHRA. 


850 feet. 
Drosera anglica (Huds.) 
Hae’s GiEn. 
850 feet. 
Crategus Oxyacantha (Linn.)—50 feet below this, cultivation first 


appears. 
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By tHe Stream From Love Gooen. 
850 feet. 
Scirpus Savit (S. & M.)—Not seen elsewhere. 


By Source or River Caracu, Hast or Maeuantavaun (Bripa.) 
850 feet. 


Corylus Avellana (Linn.) 
Brachypodium sylvaticum (R. & 8.) 


820 feet. 
Osmunda regalis (Linn.) 


CUMMEENACAPPUL (West Srpr). 
800 feet. 


Lotus corniculatus (Linn.) 
Sanicula europea (Linn.) 


Lake CURRRALEE, ON BENBANE. 


Nymphea alba (Linn.) 

Nuphar lutea (Linn.) 

Comarum palustre (Linn.) 

Hydrocotyle vulgaris (Linn.) 

Scutellaria minor (Linn.) 

Utricularia vulgaris (Linn.) 

Valaxis paludosa (Sw.)—By the spongy margin of the lake in small 
quantity. This rare little orchid has been gathered in Kerry 
before. 

Sparganium natans (Linn. ) 

Scirpus fluitans (Linn.) 

Carex vulgaris (F ries.) 

C. limosa (Linn.)—Forming a fringe around the edge of the lake. 
This rare and graceful sedge has been gathered in one place in 
Kerry previously. 

C. ampullacea (Good.) 


CUMMEENACAPPUL. 
720 feet (cultivation appears in patches. ) 


Ranunculus hederaceus (Linn.) 
Carduus lanceolatus (Linn.) 
Gallopsis Tetrahit (Linn.) 
Rumew obtusifolius (Linn.) 
Atriplex patula (Linn.) 
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NorrHern Bask oF SKREGMORE AND SEKREGBEG. 


700 feet. 


( These two characteristic Kerry plants 
occur frequently from about the pre- 
| sent height downwards all round the 
Carum verticillatum (Koch.) northern slope of the Reeks, by the 
Bartsia viscosa (Linn.) 4 western extremity, and into the valley 
| of the river Caragh on their south. 
; heir range is very similar and de- 
cided. 


CuMMEENACAPPUL (West SIDE). 
650 feet, 


Mieracium Pilosella (Linn.) 
Carex ovalis (Good. ) 


550 feet. 
Viola tricolor (Linn.) 
Pedicularis palustris (Linn.) 
Veronica scutellata (Linn.) 


Mentha aquatica (Linn.) 
Sparganium ramosum (Huds.) 


AxsovEe LAKE ACcoosE. 
550 feet. 


Quercus Robur (Linn.) 
Potamogeton polygonifolius (Pourr.) 


By THE STREAM FROM LoveH GooGH INTO Brack VALLEY. 
520 feet. 


Arbutus Unedo (Linn.)—One old tree. I met with the arbutus no- 
where else on the Reeks. 


CUMMEENACAPPUL, West SIpE; BEENBANE. 
500-510 feet. 
Stellaria graminea (Linn.) 


Rosa canina (Linn.) 
Fraxinus excelsior (Linn.) 
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Laxe Acoost LEVEL. 
500-510 feet. 


Hypericum humifusum (Linn.) 
Geranium Robertianum (Linn.) 
Lnuum catharticum (Linn.) 

Medicago lupulina (Linn.) 

Trifolium pratense (Linn.) 

T. minus (Sm.) 

Fragarva vesca (Linn.) 

Rubus discolor (W. and N.) 

Lythrum Saliearia (Linn.) 

Peplis Portula (Linn.) 

Daucus Carota (Linn.) 

Hippuris vulgaris (Linn.) 
Hypocheris radicata (Linn.) 

Crepis virens (Linn.) 

Habenaria bifolia (R. Br.)—Near Lough Beg in swampy meadows. 
HZ. chlorantha (Bab.)— With the last. 
Typha latifolia (Linn.) 

Eleocharis palustris (R. Br.) 

Arundo Phragmites (Linn.) 


Sourn Sipe oF Mount BrasseEt. 
500 feet. 


Trichomanes radicans (Sw.)—A shepherd lad showed me where he had 
once gathered, and exterminated, the Killarney Fern here. I 
could not find it anywhere on the Reeks, but it probably still 
exists at their base. 


DgisHana, WEST oF GAP oF DUNLOE. 
(?) 400 feet. 


Filago minima (Linn.)\—On stony ground near the base of the moun- 
tain by the river. This has not been recorded from Kerry before. 
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LXXX.—On THE Equation oF A TANGENT ConE TO A QUADRIC, REFERRED 
To THE Axes. By Joun C. Mater, Professor of Mathematics, 
Queen’s College, Cork. 


[Read, April 10, 1882.] 


Tue following purely analytical method of forming this equation is I 


believe new :— 
Tf the quadric 


ax* + by? + c3* + Zhay + 2guz + 2fys + 2Zle + 2my + 2ne+ad=0 


be referred to its axes, the equation is 


a y 22 A 
Pi + B =P 5 | a = 0, 
where 
h g y 
nee h b Wf m 
g if e 
L m 2 
a h g | 
— h b if | 
g f ¢ | 


and a, 8, y are the roots of the cubic equation in A formed by equat- 
ing to 0 the discriminant of 


ety + 


r 
If the quadric be a cone, A vanishes; and in this case being only con- 


au? + by? + 6x? + Qhey + 2gv2 + 2fyz- = 0. 
: : ahs 1 : 
cerned with the ratios of a, 8, y, we may write x for y where & is a 


constant selected at will. 
Consider now the equation of the tangent cone to the quadric 


Ss or Say 1 1 = 0 
Gane 0 ? 
viz.— SS’ —- P? = 0, 
gl? ylz gl 
where [Shes ah ip al 
r4 i) CG" 
we yy’ ae 


and P= yi —-l. 


k 
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To refer this cone to the axes, equate to 0 the discriminant of 


Si (oye aes) 


Us! - IP - , = (ee oe yey 
h x? y? 3 
where Gx State 


ve yy! 
Il=—+-+—. 
fen ea ot 


Differentiating (4) with respect to z, y, and z, we get the three equa- 


tions 
S2(e-j)- FU 
si(h-!)- fo 
a eS) a = (0); 


To eliminate x, y, z from these equations, multiply respectively by, 


Nie a! de! 
Pat Pa wae 
add and divide by II, when we find 
Al? y”? ol? \ 
7 i JN eae caeca lei Sra sess ew a 8) 
rad ada, 
= y" oa! 
wen” -1=0. 
os a Te - nae eX 


But the roots of this es are @ — a, a —a,", a*— as’, where 
M4, 2, ad; are the semiaxes major of the confocals through 2’, y’, 2’; 
hence the equation of the tangent cone through this point is referred 
to the axes, 

ae y? g 


>—— + = + > = 
C-ar @- ae & -a? 


In a similar manner the equation of the tangent cone through 2’, y’, 2’ 
to the paraboloid 


ey 
= 4p - 22=0 
L M 
when referred to the axes, is 
hid y" id 


EP TT. Sy TAS 


where Z,, Z,, Z; are the values of Z for the confocal paraboloids 
through the point wv’, y’, 2’. 
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LXXXI.—Report on tHe Creanrmnc oF Peaty Waters. Parr II. 
By Gzerrarp A. Kinanan. 


[Read, April 24, 1882]. 
Introductory Remarks. 


In the previous Report? laid before the Academy it was shown, after a 
colorometric examination and comparison of certain streams, ‘“‘ that 
peaty colouring matter does not seem to be removed by direct oxida- 
tion.”’ Since then I have been enabled, through the courtesy of Pro- 
fessor Hartley, F.R.S.E., &c., to make in his laboratory, at the Royal 
College of Science, analyses of samples of peaty waters in which there 
were facilities for oxidation, viz., aération when fallmg from a great 
height. 

In this Report it is proposed to lay before the Academy—First, 
the results of these analyses, and, in continuation, the analyses of some 
waters that receive a large amount of mineral drainage, with a short 
sketch of the nature of this drainage, and its effect on the peaty waters. 

In the analyses the methcd adopted for estimating the organic car- 
bon and nitrogen was a modification of Dittmar and Robinson’s process. 

The nitrogen, as nitrates and nitrites, was estimated in the follow- 
ing manner :— 

100 cc. of the water was boiled for a short time; then, when cold, 
a small piece of clean platinum foil and some magnesium ribbon were 
put in, with a fragment of recently fused sodic chloride ; after stand- 
ing about 12 hours the ammonia was distilled off, and estimated by the 
Nessler test, and from this the nitrogen calculated. 

This process is especially applicable to the estimation of very small 
quantities of nitrates and nitrites. 


Waters becoming much Aérated. 


The first waters to be described were taken from the Dargle river, 
at Powerscourt waterfall, in the autumn of last year (October, 1881). 
The day was bright, fine, and warm; but during the two previous days 
misty rain had fallen on the hills, so that there was a slight flood in 
the river, but it was not at all turbid, although it was stated by Lord 
Powerscourt’s game-keeper, who accompanied me,to be unusually peaty. 

The first sample was taken a short distance above the fall, at a 
point where the river flowed rapidly through a deep channel, four feet 
wide, in the solid rock (mica schist). From this to the foot of the 
fall, where the second sample was taken, the river flowed altogether 
over solid rock, excepting a few loose boulders and some coarse gravel 
lying in the channel above the top of the fall. No visible drainage of 
any kind enters the river between these two points, which are sepa- 
rated, horizontally 800 feet, and vertically 360 feet. 


1 Vide ante, p. 447. 
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The Dargle river, above the Waterfall, drains a long mountainous 
glen, with to the south a couple of small branches or cooms. The 
mountains of the drainage area are principally composed of granite, 
the mica schist only coming in a short distance above the fall. Ina 
few places in the glen there are accumulations of moraine matter, while 
there is a covering of peat over nearly the whole area. 

There was no visible difference between the waters taken above 
and below the fall, either in the field or when examined and compared 
in the laboratory ina tube 18” long; both showed a clear, dark-brown 
tint, with little suspended matter, while only a very slight brown 
sediment collected at the bottom when allowed to stand.’ 

The analyses of these waters(Nos. I., II. Table A, p. 603), show that 
the samples are practicallyidentical. The two important constituents— 
organic carbon and nitrogen—being almost the same in each, the 
slight difference (probably due to experimental errors), being only two 
parts in the carbon and five in the nitrogen per 100,000,000 of the water. 
Nitrogen, as nitrates or nitrites, was not detected in either sample, 
although if any oxidation of the organic nitrogen took place during 
the fall, some should occur in the lower sample. 

The waters next to be considered are from the Carawaystick brook, 
which drains the eastern peaty slopes of Lugnaquilla. Here duplicate 
specimens were collected in summer and winter. Although the gene- 
ral features of this stream have already been described in the previous 
Report, we may mention that, after it leaves Kelly’s Lough, and has 
flowed for about one and a-half miles, it falls precipitately down the 
western side of Glenmalure into the Avonbeg, by a succession of small, 
often nearly perpendicular, falls, the aggregate vertical height of 
which, between the points, being over 700 feet (as calculated by ane- 
roid), while horizontally they are 1600 feet apart. The channel of 
the fall is solid rock (granite and mica slate), with, in the clefts, &c., a 
little loose gravel ; no side drainage appears to enter along the fall. 

When the winter samples were collected, in January, 1882, there 
was a light mist on the hills, otherwise the day was fine and dry, but 
not cold: although there had been considerable rain some days pre- 
viously the stream was not flooded, but rather below its average; the 
waters were very clear and only slightly coloured with peat, and in 
the 18” tube they showed a light olive brown tint. 

From the analyses as given in the Table (Nos. III. & IV.), we find 
that the organic carbon and nitrogen are practically the same in both 
samples. 

In the same Table, Nos. V. and VI. give the analyses of the sum- 
mer samples taken from the same points; they show the differences in 
the waters at these two seasons of the year; and it will be remarked 
that the main differences are in the organic constituents, especially the 
organic carbon.® 


2 In peaty waters usually, on standing, a brown sediment collects at the bottom. 
3 These examples are average samples of peaty water in summer and winter. 


== 


598 Proceedings of the Royal Trish Academy. 


In the next two analyses on the Table (Nos. VIII. & IX.) there isa 
very marked difference in the organic constituents. The waters were 
taken from the Ovoca river at two points—Tigroney weir and ‘‘ The 
Black Dog”’—about three miles apart, and with a fallof only 50 feet. On 
comparing the two, it is evident that the conditions in the intervening 
portion of the river are favourable for the removal of the peaty im- 
purities. The most marked peculiarity m this part of the river is the 
mineral drainage (largely impregnated with sulphates of iron and alu- 
mina) that enters it, consisting of a number of small streams, which, 
taken together, form only a small fraction of the total volume of the 
main river; nevertheless, the organic carbon is reduced from 0°280 at 
Tigroney to 0:095 at ‘The Black Dog,” or to less than half that pre- 
viously present. The organic nitrogen suffers a reduction also, but not 
to the same extent: while, on the other hand, the total solids have 
largely increased; viz., from 4°88 at Tigroney to 9°26 at the ‘‘ Black 
Dog,”’ or nearly double. 

In selecting streams from which to obtain aérated samples it was 
necessary that, between the points at which the samples were taken, 
there should be no alteration of circumstances likely to affect the 
waters, except simple unaided aération: both the rivers from which 
samples were obtained (Dargle river and Carawaystick brook) are of 
very soft water, and, unfortunately, samples of hard water, affected only 
by aération over a steep fall could not be secured ; the Doonass fall, on 
the Shannon,* was visited and samples collected on both sides of the 
river, above and below the falls, but the results were most unsatis- 
factory, as there was a greater difference between the two samples from 
opposite banks, above the falls, than between either of these samples 
and those taken from below the falls. The analyses are given at the 
end of the Table (Nos. X.—XITT.) 

In collecting the samples and in making the analyses, exceptional 


It is remarkable that in winter the rivers show very little peaty colouring. All 
through last winter this was the case (although there was an absence of frost 
and snow); but the rains towards the end of March brought down much peaty 
colouring : this probably may be due to the return of vegetation, which is early this 
spring (1882). 

sf bn eras about the floods in this river to my father, who lived for some 
years in this neighbourhood, part of the time at Castleconnell, I received the follow- 
ing note :— 

‘(In the Shannon, between Killaloe and Castleconnell, the flood waters from 
the counties of Tipperary and Limerick, on the 8.E. and §., are ‘black floods’ 
(peaty water), especially those that flow into it between O’Brien’s-bridge and 
Castleconnell ; while the flood waters from the Clare side, to the N. and N.W.., 
except the stream from O’ Brien’s-bridge bog, are ‘red flood, highly charged with 
the red muds from the debris of the red basal Carboniferous shales. These different 
classes of flood may differently affect the water at the Falls of Doonass. If rain 
falls only in the counties of Tipperary and Limerick, there will be a ‘ black flood ’ 
over the falls; while, if the rain falls only in the county Clare it will be a ‘red 
flood’; but if the rain is falling at both sides of the Shannon, the results will be 
very different. If, during such a rain-fall, you stand at the World’s End weir, 
Castleconnell, the flood on the Limerick side will be black, and that on the Clare 
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precautions were taken that nothing likely to mar the results should 
occur. In estimating the organic constituents duplicate analyses were 
made in most cases, and in the weighings for the organic carbon the 
allowable error was taken as under three-tenths of a milligram.® 

These results seem clearly to show that simple aération is inca- 
pable of.effecting the removal of the peaty matter. The Powerscourt 
samples were taken in summer, on a warm sunny day, when the 
waters were deeply tinted with peaty colouring matter, yet the diffe- 
rence between the two samples is practically nothing, although the 
fall is 360 feet, and the aération exceptional. In the Glenmalure 
water we have samples taken on a fine day in winter, when the quan- 
tity of peaty matter was not excessive ; and although in this case the 
fall is over 700 feet, the two samples are practically identical. 

In the samples taken from the Ovoca river the results obtained are 
of quite an opposite character to those of the two preceding samples: 
here there is but a fall of 50 feet'in a flow of three miles, and aération 
can have but a slight effect. That the active agent is the mineral 
drainage, which enters the river in the intermediate portions, seems evi- 
dent from the results of the experiments given in the previous Report. 

The nature of these mineral waters we now propose giving a brief 
sketch of; but before doing so it seems desirable to give some account 
of the head waters of the river, more especially as all at some time 
have received more or less mine drainage. 


The Principal Mineral Impurities of the Ovoca. 


The present Ovoca river® is formed by the junction of the Avon- 
more and Ayonbeg, at the Upper ‘‘ Meeting of the Waters,”’ and flows 
into the sea at Arklow, having been joined by the Daragh water, or 
Aughrim river, at Woodenbridge, or Lower ‘‘ Meeting of the Waters.” 


side red ; the two differently-coloured waters going separately over the weir to be 
slightly mixed below, but the great mixing does not take place until they reach the 
Falls of Doonass, below which:the red ferriferous waters are found to have cleared 
out the peaty colouring matter. The waters flowing over the falls are more often 
coloured with peat than otherwise. While living at Castleconnell some of the 
largest fioods I saw on the falls were black ones. When the rain falls only to the 
southward of the Shannon, the ‘black flood,’ going over the fall, is met by a ‘red 
flood,’ coming out of the Annacotty, or Mulkear river, which neutralises and 
destroys the peaty colour in the water before it reaches Limerick. On account of 
the difference in the land on each side of the Shannon above Castleconnell the 
waters on each side of the river above the falls must give very different analyses.”’ 

5 This would be as carbonic acid, so that the carbon would be ;% of this, or 
about one-tenth of a milligram, which was usually on a litre of water; but im the ana- 
lyses of Nos. V., VI., VII., and X.—XIII. where only 500 cc. water was used, the 
error was larger than this. The figures given in the Table are the means; except 
in those cases on which inferences are based, when the two results are stated, viz. : 
Nos. III. and IV., VIII. and IX. 

6 Formerly the river, as far down as Woodenbridge, was included in the Ayon- 
more, while the river below this, in some accounts of the district written in the last 
century, is called the ‘‘ Ovo,”’ 
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The head waters of the Avonmore rise in the mountains about 
Glendalough (of St. Kevin) and Luggala. The Annamoe flows from 
Luggala; it seems to be quite free from mineral poisoning, although 
mining trials have been made at Lough Dan. ‘The tributary streams 
which contain most mineral drainage are those from Glendalough lakes 
and from the vale of Glendassan, into both of which the drainage from 
the Luganure and Camaderry mines flow. How long these rivers 
have been poisoned it is hard to say ; mining operations were carried on 
here during the last century, yet in 1832 Glendalough and Lough 
Dan were noted for containing the char’ (Salmo alpinus), which is 
now confined to Lough Dan. 

A sample of water taken in Glendassan, a little below where the 
mine drainage enters, contained in parts per 100,000, solids 7:5; of 
which 0:08 were lead, with a little iron, and a trace of sulphuric acid. 

A sample taken at Clara bridge, after a flow of about six miles from 
where the last sample was taken, with a fall of about 600 feet, con- 
tained 0:04 parts lead; and one taken three miles lower down at Rath- 
drum mill contained 0:035 parts lead: while a fourth, taken at the 
Meeting of the Waters, about 13 miles from the mines, with a fall of 
about 900 feet, contained 0:02 parts lead. These four samples were 
taken on the same day, after there had been dry weather for about six 
weeks. The waters were very clear, with only a faint peaty tinge. 

On another occasion, when the river was in slight flood, samples 
were taken at Clara bridge, and at the Meetings, which gave, respec- 
tively, 0:02 parts lead, and only a faint trace. 

Besides this mineral drainage from Glendalough, a small quantity 
of mine waters enters the river between Rathdrum and the Meetings; 
it is, however, very insignificant, the largest stream being that at 
Shroughmore, flowing from Connary. The Avonbeg, which joins the 
Avonmore at the Meetings, has its head waters in the hills about 
Glenmalure, one of its principal tributaries being the already-men- 
tioned Carawaystick brook. Some years ago lead mines were worked 
in Glenmalure, and the drainage from them poisoned the river so that 
no fish could live in it; but now, as the deleterious mineral matter 
has disappeared, it has become stocked with trout from the mountain 
streams. This river, flowing into the Ovoca river at the Meetings, 
supplies large quantities of peaty water. 

After the junction of the two rivers, Avonmore and Avonbeg, at 
the Meetings, the waters flow for about a quarter of a mile to Tigroney 
weir, where they become thoroughly mingled. A little above this 
some mineral drainage enters on the left bank; but it is about a quar- 
ter of a mile lower down, in the vicinity of the Bell rock, that the 
principal mine waters enter, after having passed through the copper 
launders. On the left, or east bank, the river receives the main drain- 


7 Char are said to have again appeared in Glendalough since the mines at the 
west end ceased working. A salmon is said to have been seen in the Daragh water, 
on June 3, 1882. 
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age from Tigroney and Cronebane mines; and on the right bank that 
of Ballygahan and Ballymurtagh. Both these waters are very similar, 
and are treated very similarly for the extraction of the copper before 
entering the river.* They are the underground drainage of the mines, 
rich in sulphates of copper, iron, and alumina, with smaller quantities 
of other substances. The copper is extracted by running the water 
over metallic iron, the copper being deposited in the metallic state, 
and an equivalent amount of iron passes into solution, while, at the 
same time, a quantity of gas is evolved, which where the launders are 
underground is found to be highly inflammable; it seems to be hydro- 
gen, due to the decomposition of the water, and is probably mixed with 
hydro-carbons; the iron exists mostly in the ferrous state, and it is 
not till the greater part of the copper has been deposited that it becomes 
deposited as ochre.° 

A sample of the Ballygahan water, taken from the launders, was 
coloured a deep brown, and contained some ochre in suspension; it 
was strongly acid, with a metallic taste. Its constituents are given 
in Table B, No. VI.(p. 604). These probably all occur as sulphates ; and, 
calculating them as such, we find as follows in grains per gallon :— 


Sulphate of copper, . . . . 29°5. 
Sulphate of iron, rere Meith etre Oss 
Sulphate of alumina,. . . . 712°8. 
Sulphate of manganese,. . . LOFG 
Sulphateyobzime, sy louie ee ae 6:0. 


The most interesting constituent of this water is a small trace of 
cobalt. Nickel, however, was not detected. 

On the opposite bank, the drainage from the Tigroney and Crone- 
bane mines, as it enters the river, is almost identical, in general com- 
position, with that of Ballygahan; it, however, contains each consti- 
tuent in less quantity. 

The river, below where this drainage enters, has in general, but 
more markedly during warm dry weather, a somewhat turbid appear- 
ance: this is probably due to the separation and deposition of the salts 
of iron and alumina. 

Some distance below the Ballygahan waters another mineral stream 
enters, on the same side, which comes down from the mines of Bally- 
murtagh, along the Red road. This water contains very little mineral 
salts, as compared with those just mentioned. 


8 These waters appear to have attracted some attention during the last century, 
and are described in Rutty’s Mineral Waters of Ireland (17657), pp. 241-245; 
Philosophical Transactions, for 1751 to 1753, by Kenroy, Henry and Bond. 

9 This ochre consists of hydrated ferric oxide and a basic sulphate (Fe2SO¢), 
which separates, in the presence of cast iron, thus: 

Fe203 (SO3)3 + Fez + 2H2,0 = Fe203803 + 2FeSO1+ 2H». 
This reaction also accounts for the hydrogen; but some of this is also produced by 
the couple formed by the iron and copper. 
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A short distance lower down, on the same bank, a small stream 
enters at Tinnahinch, coming from a spa, and also receiving the 
drainage from the waste heaps along the mine tramway. The waters 
were clear, but an ochreous precipitate settled out on exposure to the 

ir; they are acid, but rather weak mineral waters. 

On the opposite or left bank, some distance lower down, above or 
north of the village of Newbridge, a small stream—the Sulphur 
brook—enters: formerly this was the principal source of mineral im- 
purity to the Ovoca river, as it received all the drainage from Upper 
Cronebane and most of that of Connary; but this now flows out at 
Tigroney, and the mineral matter in the stream is derived from the 
waste heaps, or attals, on the surface: considerable quantities of ochre 
have been deposited along its course. 

Below this a small stream enters, on the right bank, at Castle- 
macadam; it drains the lands about the Ballymoneen mines, which 
some time ago were worked for sulphur and iron ores; it is now, how- 
ever, free from injurious mineral impurities, and is inhabited by small 
fish. 

This short sketch of the mineral drainage from the Ovoca mines 
shows that by it a large amount of salts in solution pass into the 
Ovoca river: this is evident both from the quantities of solids in each 
of the samples, and from the fact that the total solids in average sam- 
ples of the river water increased from 4°88 parts, at Tigroney weir, to 
9:26 parts per 100,000, or very nearly double, at the Black Dog. No 
true estimate, however, of the total quantity entering can be made, as 
such would require a series of careful measurements and analyses of 
each stream, at different seasons of the year. Though these mineral 
waters have the general effect of freeing the Ovoca river from organic 
impurities, the river, on the other hand, is literally poisoned by them ; 
and no fish are to be found in it from Tigroney weir to the sea at 
Arklow. 


Conclusions. 


In this Report I hope it has been clearly shown :— 

That the colorometric method of examination of peaty waters, 
adopted in the first part, is a fair relative, although not an absolute, 
method of analysis. 

That the action of the air which the water of ariveris subjected to 
is incapable of oxidizing the peaty matter, either in winter or summer, 
even when the natural conditions are most favourable, as when the 
waters are dashed into foam down a steep and great height ; and that, 
therefore, the same will be true, @ fortiorc, in a slow and sluggish 
river, where only the surface is exposed to the action of the air. 

That the results of the laboratory experiments given in the first 
part are supported by what takes place in some rivers, and that the 
soluble salts of alumina, iron, and manganese are capable of removing, 
and do actually in nature remove, the peaty colouring efficiently and 
rapidly. 
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Taste B.—Analyses showing chief Inorganic Impurities of the Ovoca 


River Basin. 


AVONMORE. 


Results stated in parts per 100,000. 


| | 
Present, but 


| 


| Wh Chief i iti t - 48 | 
| No.| Ghtained: determined.» : Hisnvely detected! Remarks. 
| estimated. | | 
eal = Tear emis | 
1.| Glendassan, Lead, . . 0:08 -- | e, As | J rachael 
| | | Total solids,. 7°65 | _- | H2S04 (ont eaeeal: 
| II | clara Bridge, | Lead, 0-04 | — As 
| | ‘Total solids. 4:1|  — | HSO, Clear, but 
| Inorganic solids, 371 | — — slightly peaty. 
_ Chlorine,. 1-4 | — — 
ut. |Rathdrum _ Lead, 0-035 = _ 
| | Mall, | Solids, 39) — —- Slightly peaty. 
Chlorine, 1-6 | — —_ 
| rv. | Meeting of | lnivenal 0:02 —- | — Clear, and slightly 
| the Waters, | | | | | peaty. 
SMALL TRIBUTARIES OF THE Oyoca. 
| | 
eae | Brown, with 
v. | Tigroney | Iron 163°0 | Cu, Mn IN 10 3 
| : 2, Paar ? ochre in suspen- 
| | (launders), | Alumina, 197°5 | Mg,H2SO4 Zn sion, acid. P 
| vi. | Ballygahan | Iron, . 199°0| Mg Pb | 
| | (launders), | Alumina, 214:0| He,SO4 As Brown, with 
Copper, 75 _ Co ochre in suspen- 
| Manganese, a9 | — Ca sion, acid. 
Zine, . 2°4 | — = 
| j 
vn “‘Red Road’’ | Ferric Oxide, ) 2 BilnnNTe = Colourless, with 
Stream, Alumina, | 2 ochre in suspen- 
Copper, 0°05; H2SO2 — sion, slightly 
acid. 
|vi1t.) Tinnahinch | Iron, . i) iecal il Colourless 
| Stream, Alumina, . f 9 Mg Zn. | brown sediment, 
Copper, . 0°02} HeSOxs Ca | _ (slightly acid. 
| Solids, 225 
| ix. | Sulphur Solids, 12°38; Mg _ | Fe203, Zn | (Colourless, with 
Brook, Al203 ‘brown precipi- 
H2S804 


tate, faintly acid. 
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LXXXII.—Own toe Errects ofr THE Lunar anp Sonar Tomes wv 
LenerHentye tHE Douration oF THE SrpEREAL Day. By the Rey. 
Samvet Haveutoy, M.D., Fellow of Trinity College, Dublin. 


[Read, November 14, 1881.] 


Tue idea of a lengthening of the sidereal day, by means of the tidal 
effects of the moon and sun, was started by the late astronomer 
Delaunay, as a means of explaining the difference of the coefficient 
determining the moon’s mean motion, 


10°2 n?, 


found by Halley from ancient eclipses, and confirmed by Laplace by 
calculation ; and the coefficient, found by Adams’s correction of La- 
place’s calculation, 

61 


Delaunay found that a lengthening of the sidereal day by one second in 
100,000 years, would reconcile Halley’s coefficient with Adams’s cor- 
rection of Laplace’s coefficient; and he also made an attempt to cal- 
culate the lengthening of the day producible by the tidal influence of 
the moon and sun. As, however, he made his calculation on the 
equilibrium theory of the tides, and also assumed an inadmissible 
range of ocean tide, it is desirable to repeat his calculations on more 
correct data, which I have attempted to do in the following Paper.* 

I shall consider two effects of the tidal action of the moon and 
sun— 

1. The effect of the Restdual Tidal Current, whichis of the second 
order, as compared to the second. 

2. The effect of the Distortion Couple, caused by the displacement 
of the tidal spheroid by friction, and accompanied by acceleration 
of tidal phase. 


Proposition I. 


It is required to find the rate of lengthening of the sidereal day, caused 
by the residual current produced by the tidal action of the moon (supposed 
to be always in the equator) upon the ocean, collected into an equatorial 
canal, of constant width and depth. 


The ocean occupies about three-fourths of the surface of the earth, 
and is about two miles deep, on theaverage. If this quantity of water 


* T believe that Mr. William Ferrel, of the U. S. A. Coast Survey, has made an 
attempt similar to my own; but as I have not seen it, I can only acknowledge here 
his possible priority. 
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be placed in an equatorial canal, extending ten degrees on each side, 
north and south of the equator, such an equatorial canal will be 
about ten miles in depth. 

The velocity of the water produced in such a canal, by the earth’s 
rotation and action of the moon, is 


<gmk 
u= V+ — cos 2m, (A) 
2w 


where V7, = equatorial velocity of the earth’s surface, 


,-2H er 3Mar _ 1 ie 
"ORR 2R Ra 400,000a’ 
or 


m= moon’s hour angle ; 
@ =mean value of r. 


If the alteration in the shape of the water caused by the moon’s 
action be neglected, and 7 considered always equal to a, then equa- 
tion (.4) summed all round the equator will give 


u= Vo, 


for the periodic term will disappear, and no effect will be produced by 
the moon in retarding or accelerating the rotation of the earth. If, 
however, we take account of the altered shape of the water, we have 


= (1 — « cos’ m), (B) 


where 


c and a being the greater and lesser semiaxes of the tidal spheroid. 
The periodic term in (4) thus becomes 


; i € € 
udm = om ie ~ 5) cos 2mdm en (1 + cos 4m) dm), 


which, when summed all round the circumference, leaves a 


Residual Current = — fi 5 ae (C) 


2u 2 


~ 
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This small permanent residual tidal current acts in a direction 
opposed to the earth’s rotation, and lengthens the sidereal day. 

Let us proceed to calculate its magnitude. 

We have 


jee 1 we or 
F 40010007 = 


where 7'= 89,280, the number of seconds in a lunar day. 
Hence 


hk 89,280 


Qa = Tex 400,000 = 0:01775 ft. per second. 


Residual Current = — 0:01776 = 


Tf we suppose a circle described, with radius a, at the surface of this 
circle « = 0, and if « be the ellipticity of the tidal ellipse at the surface 
of the water, all the layers of water lying between the ellipse and 
circle will leave a residual tidal current depending on the values of e, 
which range from e=0 to e=e). The whole water between the circle 
and ellipse will therefore have a residual tidal current corresponding 


toe = = . The whole mass of water, taken for both sides of the ellipse, 
will be represented by 


mw (ca — a), 


where w denotes the width of the equatorial canal, and ¢ the longer 
semiaxis of the tidal ellipse. This mass may be written— 


M = TWH. 


The retarding couple of the residual tidal current will therefore be—- 
8G =-0-01776 x oe x TWA? &) X My 


where G represents the couple animating the whole earth; or, 


ea ee (D) 
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Now, 
olla _ Vo Ma 
CO rs = OG ey 


where J is the earth’s moment of inertia with respect to the axis of 
rotation, and Vy is the earth’s velocity at the equator. 
From (£'), which may be written 


GT rl 
we have 
GbT + Td5G = 0. 
Hence 
T85G 
Nita ar 


Substituting the values of 6G and G, we find 


0:01776 x 8:06 x raw x Dt 


sT=+ VE SOME ine 
4V,Ma ; 
but 
2, 
Vo= Fo 
M= Sma PORE 
Hence 
82x 55x re 
pil le en eet ae 
and 
0:01776 x 8 x 3:06 x 7? x «2w 
an Crrrr 
or ine 
. ss 
\87' = GEO 2 bt (F) 


If we express 6/ in terms of the number of years requisite to produce 
any given diminution 677, in the length of the day, we have 


S¢ = 865-25 x Tn, 


which converts (/’) into 
365°25 T%20 ; 
oT = + —j0s02 € 2 5 (Ff bis) 
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but T = 86,400 seconds = sidereal day ; 
w = 20 x 60 x 6000 = 7,200,000 feet ; 
a = 21,000,000. 
Substituting these values, we finally obtain 
67 = + 8,561,000 en. (F ter.) 


The range of tide for an equatorial canal, with moon in equator, is 


Andy ae: ks 
_ a = on 
where 8 is the depth of the canal. 
Hence, we have 
c-a_ kod 
Oe tai gine (4) 


Substituting the proper values, we find for the equatorial canal, 10 
miles in depth, 
¢-a=1:275 feet, 


1 
~ 16,500,000° 


€o 


Substituting this value in (/' ter.) we find 


n 


SMa Shea 
* 76,130,000 ° 


(Z) 


It would therefore take upwards of 76 million years for the residual 
tidal current produced by the moon, in the ocean collected into an equatorial 
canal, to increase the length of the day by one second. 


Corollary.—As the tidal effect of the sun is one-half the tidal effect 
of the moon, the residual current produced by both would take up- 
wards of 50 million years to lengthen the day by one second. 
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Proposition II. 


It is required to find the rate of lengthening of the sidereal day, caused 
by the displacement of the tidal spheroid by friction; under the same 
conditions as those stated in the last Proposition. 


When there is no friction, the minor axis of the tidal spheroid 
points to the moon, and the major axis is at right angles to the moon’s 
direction. 


In the case of an equatorial canal, with the moon always in the 
equator, if f denote the coefficient of friction, supposed proportional to 
the relative velocity of the moving water, the velocity of the water is 
represented by 


w= e+ 5-(cos2m- 2 sin 2m) (L) 
2 2w 


The periodic term vanishes, not when m = 45°, but when m =45° +2; 
where « is found from the equation 


tan 227 = — 2 
9) 


2W 


The tidal spheroid is, therefore, displaced through an angle z, in a 
direction opposite to the earth’s rotation, and the phases of the tide at 
all places are accelerated. If ¢ be the complement of x, the major axis 
of the tidal spheroid will form an angle ¢ with the direction of the 
moon, and the two caps of water lying between the ellipse and circle 
already described will give rise, by the action of the moon and anti- 
moon, to a retarding couple, which tends to lengthen the day. 
The magnitude of this couple is 


km x sin 2 x a, 
where m is the mass of water lying between the ellipse and circle ; or, 
Retarding couple = 8G = rwka*e sin 2¢. 


This couple is of the first order with regard to «, whereas the re- 
tarding couple produced by the residual tidal current was of the second 
order only. 

Hence we have, as before, 


Re 3.x 8:06 x T’whke sin 2 zi 
aan 8m x 5°5 a : ae. (4) 
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ane il : 
Substituting 4 = 700,000? and reducing, we find 
97-4 T’we sin 2h of 
6,023,000 @ 
or, 
865°25 T?wen sin 2h 
57 dig ee nrc 
a) 6102310007 

or 

67’ = + 638°57 egn sin 2. (L) 


Comparing this with the rate of retardation caused by the residual 
tidal current, we find the ratio of the rates of retardation to be, after 
the same number of years, 


638'57 sin 2 __ 
3,561,000 € ’ 


or 
sin 2¢ - 
5577 €o , 
or, since = : 
* ~ 16,500,000’ 


ratio of rates of retardation = 2959 sin 2¢. 

With any sensible value of 4, this retardation will greatly exceed 
that caused by the residual tidal current. 

Substituting for «) its value, equation (Z) becomes 


_ nm sin 2 
> DESRO 


(L bis) 


We have also, if w be the acceleration of tidal phase, 


J = 2 x tan 22; 


or, 
4 
= = tan 22 ; 
or 
tan 2a 
I= 68755" 
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From this we calculate the friction corresponding to any value 
of 4 :— 


; Number 
pceclstauion 5 required S ees the 
ph ase 2x. 7 day by one second. 
. i. 
5° 10° 08,993 148,800 
10 20 18,890 75,548 
15 30 11,190 51,668 
20 40 8,194 40,291 
95 50 5,769 33,731 
30 60 3,970 29,836 
35 70 2,502 27,497 
40 80 1,212 26,238 
442 89 120 25,843 
45 90 0 25,839 | 


Corollary (1).—Il£ we take account of the sun, as well as of the 
moon, the number of years in the last column should be reduced by one- 


: wie er aha | ‘ 
third ; so that a friction whose coefficient is satoggs corresponding to a 


tidal acceleration of phase of 5° (or 20™), would increase the length of 
the day by one second in 100,000 years. This is the amount of retar- 
dation necessary to reconcile Halley’s coefficient of the moon’s secular 
increase of mean motion, derived from ancient eclipses, with the cor- 
rection in Laplace’s coefficient made by Professor Adams. 

Corollary (2).—With an amount of friction corresponding to an 
acceleration of phase of 5° (or 20™), the water at the equator should 
rise 812 feet above the level before a surface current could flow 
towards the poles. 
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LXXXIII.—On rue Comparative EFFECTS oF TWO Metawertic Bopris on 
THE GrowrTH oF Nicotrana Loneirtora. By J. Emerson Reynoxps, 
M.D., F.R.S., Professor of Chemistry, University of Dublin. 


[Read, April 10, 1882.] 


Tue study of the comparative action of metameric compounds on the 
growth of plants seems to deserve more attention than it has yet 
received from chemists and vegetable physiologists, and the aim of 
the communication I now beg to lay before the Academy is to show 
that well-marked differences in physiological activity can be detected 
with the aid of plants, even in cases of metameric bodies of compara- 
tively simple constitution. 

The bodies selected for experiment were ammonium sulphocyanate 
and its metamer thiocarbamide, or sulphurea. Both compounds are 
rich in nitrogen, and therefore capable of supplying a highly impor- 
tant element of plant food; they are easily soluble in water, and, 
consequently, admit of absorption through the roots of plants; more- 
over, their chemical relations have been carefully studied, and their 
differences of structure are known, hence they seemed to be very 
suitable for the class of work in which I proposed to employ them. 

The sulphocyanate is a true ammonium salt of sulphocyanic acid, 
and its composition is represented by the formula 


NH’, CNS’. 


The metamer of this body, or thiocarbamide, I discovered in 1869, and 
obtained in the following way :— 

The salt was melted, and the temperature of the liquid raised to 
170° C., when rearrangement of the components of the molecule took 
place; the mass, when cooled, extracted by water and crystallized, 
afforded fine crystals of thiocarbamide. This body contains the 
same elements as the sulphocyanate, and in the same proportions, and 
its molecular weight is the same; but its relations and chemical struc- 
ture are very different, as it is a feeble base, and destitute of saline 
characters, while its reactions are represented by the structural for- 
mula— 


NH, 
CS NH,” 

During the summer of 1881, I made several sets of experiments 
with these bodies on selected groups of plants which are known to 
afford special nitrogenised or sulphuretted products, when grown 
under normal conditions. Some of the results obtained are suffi- 
ciently definite to justify their publication, while others require repe- 
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tition under new conditions. In the present communication I shall 
confine myself to the statement of experiments made with a variety of 
the tobacco plant (Wicotiana longiflora). The seeds were obtained 
from Messrs. Veitch & Sons, and afforded a good crop of young 
plants, which were removed from the seed-bed, and potted singly in 
very sandy mountain loam, of rather poor quality, the aim being to 
give the plants no more nourishment than was absolutely necessary to 
ensure moderate development. When the plants were shifted into 
four-inch pots, they were allowed to become thoroughly established, 
and the experiments commenced. 

Several sets of three healthy plants were picked out, and the 
members of each set were as nearly as possible in the same stage of 
development, 7. ¢. they were of the same height, had an equal num- 
ber of leaves, and equally strong stems. Lach set was subjected to 
the same treatment; but it will conduce to clearness if I trace that of 
a single set. 


The treatment pursued was the following :— 


No. 1. was watered with Vartry water only, when necessary. 

No. 2 was watered twice each week with a solution of 0°5 gram 
of pure thiocarbamide in 250 c.c. of water: at other times 
it was treated as No. 1. 

No. 3 was watered twice each week (unless otherwise stated) with 
a solution of 0°5 gram of pure ammonium sulphocyanate in 
250 c.c. of water. 


The plants were under glass, but so placed as to get equal light, 
and to prevent any undue tendency to drawing up or ‘ spindling.”’ 

The first to show any effects was No. 3 (2. e. that treated with 
the sulphocyanate); at the third treatment with the solution the 
growth was checked, and the plant seemed not only to stop develop- 
ment, but even to shrink in a curious way; the leaves began to droop, 
and became rather sickly in colour. The fourth application only 
intensified the symptoms of plant-poisoning by the sulphocyanate, 
hence the treatment was stopped, and the soil well washed out by 
percolation of pure water: after this the plant recovered somewhat, 
and recommenced growth; but it received another dose, which again 
checked development. Washing the soil was repeated, and another 
rest allowed. This treatment was continued for nearly three months, 
up to the Ist of December, when it presented a very miserable 
appearance, and was in the condition stated in the Table. This plant 
was then removed from the soil, and dried. 

There is no doubt that I could have killed this plant at any time 
by continued doses of the sulphocyanate, for corresponding plants of 
other sets so treated with the salt were destroyed in a few weeks. 

No 2 plant (7. e. that treated with the solution of thiocarbamide) 
soon gave evidence that it felt the effect of its dose, but the result 
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was very different from that observed in No. 38; the stem did not 
elongate much, but the leaves rapidly developed in length, breadth, 
and substance, and assumed a healthy deep-green hue. It was no- 
ticed, however, that the development was less satisfactory where the 
solution of thiocarbamide was alone used for watering, than where 
there was a washing of the soil with pure water between two doses; 
in the former case the edges of the lower leaves becoming discoloured 
and thin. The reason for this is not far to seek; for the thiocar- 
bamide is known to undergo partial reconversion into sulphocyanate 
in aqueous solution, and more especially in presence of such decom- 
posable bodies as are found in the soil. The check in development of 
the plant doubtless followed this partial reversion. 

With the slight modification in the treatment just referred to, the 
plant developed remarkably; until, on the 1st of December, it was 
in the state described below. 

No. 1 Plant (¢. ¢. that treated with plain water) grew rapidly, and 
soon outstripped the others in height, but its stem and leaves were 
poor and thin as compared with No. 2. 

The following Table contains the measurements, &c., of the plants, 
on the 1st of December :— 


~ No.1 Yo. 2 No. 3 
(Water). (Thiocarbamide). | (Sulphocyanate), 
Total height in inches from | 

surface of soil, 31 | 23 12 
Number of leayes, . . . . i 15 | 14 13 
Maximum length of leaf in | 

inches, . . . . - «| 9 | 15} 8 
Maximum breadth of leaf in | 

AH CHESMEREES Lt se sey 2 4} 6 25 
Number of seed pods in diffe- | 

rent stages of development, | 9 15 None. 
Number of seed pode well de- | 

veloped,. . . 1 | 11 None. 


Corresponding results were obtained with the other sets of tobacco 
plants. 

The next step would obviously be the determination of the relative 
proportions of nicotine derivable from the plants; but the amount of 
material at my disposal proved insufficient for the purpose. I hope, 
however, to be able to grow a considerable quantity during the ensu- 
ing summer, and to repeat the experiments. 
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The facts ascertained are, however, amply sufficient to prove that 
ammonium sulphocyanate acts as a powerful poison on these plants, 
notwithstanding the large proportion of ready-formed ammonia it 
contains, while its metamer thiocarbamide stimulates the growth of 
similar plants, and induces healthy development of all their parts, 
thus acting as a distinct plant food. Indeed if it were not that 
thiocarbamide tends to revert to the sulphocyanate after some time, 
the former might be regarded as a good organic manure for tobacco. 

I must leave to the vegetable physiologist the task of determining 
the precise way in which nutrition is arrested by the sulphocyanate, 
and promoted by thiocarbamide: for the present I am content to have 
shown that their effects on the particular plants employed are widely 
different, though the bodies compared contain the same elements che- 
mically united, in the same proportions within molecules of the same 
weight. The conclusion is inevitable that their strongly contrasted 
physiological action is due to diverse molecular structure. We thus 
learn— 

1st—That the particular elements of which the bodies are com- 
posed exerted less influence on their physiological activity than the 
intra-molecular grouping of the component atoms. 

2nd—That, in some instances at least, differences of physiological 
activity between metameric bodies can be easily detected with the aid 
of plants. 
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LXXXIV.—A New DerEterMInaTION OF THE ConsTANT OF PRECESSION. 
By J. L. E. Dreyer, Pu. D. 


[Read, June 26, 1882. ] 


Amone the various constants of Astronomy one of the most important 
is the Constant of Precession. It is remarkable how few determina- 
tions of the exact quantity of this constant have appeared during this 
century, considering the great number of investigations called forth by 
the progress of Astronomy. Not counting theoretical researches on 
the subject, such as those of Laplace, Leverrier, Lehmann, and Stock- 
well, which possess great interest, but cannot, as regards accuracy, 
compare with those deduced from observations, we have in reality 
only three recent determinations of the Constant of Precession, by 
Bessel, Struve, and Nyrén. My reasons for undertaking a new deter- 
mination will be best described by giving a rapid sketch of the re- 
searches of these three astronomers. 

Bessel founded his investigation’ on about 2400 stars which occurred 
both in Piazzi’s Catalogue and in the catalogue which he had himself 
deduced from Bradley’s observations. As the epochs of the two 
catalogues are 1755 and 1800, he thus found for 1777°5 the value of 
the two constants commonly designated as m and ”, with which the 
variation of the right ascension (a) and declination (6) of a star is com- 
puted by the well-known formule 


da : 
az =m + tan 6 sin a, 


d 
— = COSA, 


dt 


and from m and z the constant of the ‘‘General Precession.” The 
result thus found was some years after modified by applying certain 
corrections to Bradley’s and Piazzi’s Right Ascensions, which were 
made necessary by the better value for the Constant of Nutation which 
Lindenau in the mean time had produced, as also by the two Funda- 
mental Catalogues for 1815 and 1825, deduced from the Konigsberg 
observations. Bessel’s modified result for the year 1800 is? 


50” *2235. 
Otto Struve used for his determination’ a very small number of 
Fundamenta Astronomiae, p. 285, et seq. 


Astronomische Nachrichten, vol. iv. (1826). 
Mémoires de |’ Académie de St. Pétersbourg, 1842. 


on 
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stars, only 400, but these had been most carefully observed in Dorpat 
from 1822 to 1888, and the resulting positions could be compared with 
Bradley’s positions for the epoch 1755. The interval between the two 
epochs was thus considerably longer than in the case of Bessel’s in- 
vestigation, and this is a great advantage, as any error in the adopted 
equinoxes will thus be divided by a larger quantity and become less 
detrimental. But it detracts greatly from the value of Struve’s result, 
that he has used such a small number of stars. It is easy to see that, 
if we use a large number of stars, we have to a great extent a right to 
‘suppose them uniformly distributed over the celestial sphere, and we 
may then safely neglect the influence of the proper motion of the solar 
system in space, as this influence on the stars in a certain part of the 
sky will be counteracted by the influence on the region diametrically 
opposite. But 400 stars are of course not uniformly distributed, and 
Struve was thus obliged to take the proper motion of the sun into 
account. ‘This he did in a very beautiful manner ; but as the amount 
of the apparent motion of a star, occasioned by the motion of the sun 
in space, depends on the distance of the star, Struve had to adopt his 
father’s expressions for the relative distances of stars of the various 
classes of magnitude, and it will be conceded by everybody that these 
expressions are anything but certain. They depend on two hypotheses, 
neither of which are very well founded, viz., the supposition of a 
uniform distribution in space of the stars of the galaxial system, and 
the supposition that the apparent brightness of stars generally depends 
on their distance from us. Unfortunately the influence of the adopted 
system of relative distances on the final result is not inconsiderable. 
Struve’s result, which is for 1800, 


50-2411, 


has by degrees come into general use; but partly on account of the 
difference between it and Bessel’s result, partly owing to the doubtful 
suppositions on which it to some extent depends, it must be considered 
very desirable to try by other means to deduce a new value for the 
Constant of Precession. This was done in 1869 by Dr. Nyrén of Pul- 
kova, in a paper in the Swedish language,* but the value he found 
differed in a remarkable manner from the results of Bessel and 
Struve. 

Nyrén adopted a new plan. Instead of using the brighter stars 
such as generally occur in Fundamental Catalogues, he chose the Right 
Ascensions of the large number of telescopic stars round the equator 
(between + 15° declination) which could be found both in Weisse’s 
Catalogue (deduced from observations made by Bessel in 1821-25) 
and in Schjellerup’s Catalogue, founded on observations made by this 
astronomer in the years 1861-63. As the positions for these 5000 


4 Translated in the Bulletin de l’Acad. Imp. de St. Pétersbourg, 1870. 
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stars were determined with an interval of about forty years, with first- 
class instruments, and by eminent observers, and as Nyrén took special 
precautions to clear Bessel’s positions of constant errors by comparisons 
with the Dorpat and Armagh Catalogues, the material thus prepared 
must be considered very promising for & good result. It was there- 
fore very surprising that the comparison between Schjellerup’s and 
Bessel’s Right Ascensions showed a well-established difference 
S — B=-— 0°:1385, which, after reducing the equinoxes of the two 
Catalogues respectively to Wolfers’ equinoxes for 1830, and to an 
equinox for 1862, deduced from Greenwich and Paris observations, 
did not become smaller than — 0°:095. ‘This indicated a rather con- 
siderable correction to the adopted constant. Nyrén’s final result was, 
for 1800, 
501882. 


The deviation of this result from Bessel’s and Struve’s is very 
much larger than the accuracy of modern observations should lead one 
to think possible. In my Paper on the personal errors in transit ob- 
servations (these Proceedings, ser. 11., vol. ii., p. 518) I have mentioned 
a fruitless attempt to find out whether either Bessel’s or Schjellerup’s 
Right Ascensions show any sign of errors depending on the magnitude 
of the stars, as such an error, if it existed, might explain the difference 
between the constants of precession found from bright and from faint 
stars. But although it turned out to be impossible to find directly 
whether the personal errors of Bessel and Schjellerup depended to any 
sensible extent on magnitude, there are many circumstances which 
must lead us to believe that this was not the case. Argelander has 
compared Bessel’s Right Ascensions with those of W. Struve (‘ Posi- 
tiones Medie’’), and found S — £ =—0°-048; but as the reduction of 
Struve to Wolfers’ Fundamental-System is zero, while Bessel’s is 
— 0°:012, the difference between Wolfers’ (¢.e. Bessel’s Fundamental 
Catalogue) and Bessel’s zones would only appear to be — 0°:031. As 
to Schjellerup, we possess a comparison between his catalogue and 
that deduced by Copeland and Borgen from their observations of stars 
between the equator and — 2° declination; and as these observers used 
the same standard system (Nautical Almanac), the result, C and B-S 
= — 0°:005, leaves scarcely any doubt that Schjellerup’s Right Ascen- 
sions are free from constant errors. 

Nyrén’s result must therefore be affected by some considerable 
errors in one of his equinoxes, and a later investigation by himself 
has, in fact, shown conclusively that the observations of the sun, made 
in Greenwich (and on which his equinox for 1862 chiefly depended), 
require a large positive correction to make them agree with the ob- 
servations made at Pulkowa, Edinburgh, Cambridge, Paris, and 
Washington; and their fair accordance with the Paris observations of 
1856-59 must be due to the chapter of accidents. But it is evident 
that this positive correction will do away with the greater part of the 
large difference between Schjellerup and Bessel, and consequently 
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bring Nyrén’s constant very near to Struve’s and Bessel’s. Although 
Nyrén appears to have seen this himself, he has not determined the 
exact amount of the necessary correction to his constant.2 A few 
years ago, however, Newcomb published a note, ‘‘ Reduction of the 
Constants of Precession found by Bessel, Struve, and Nyrén, to a 
Common Equinox,” in which he investigates the changes these three 
constants undergo, if the star-catalogues, from which they were origi- 
nally derived, be referred to a common system of standard places, and 
as such he adopts his ‘‘ Right Ascensions of Equatorial Fundamental 
Stars.” The improved values thus found are— 


Bessel, 50”:214, 
Struve, 50 ‘236, 
Nyrén, 50 -220. 


That we are still far from possessing a satisfactory knowledge of 
the exact value of the Constant of Precession séems evident, par- 
ticularly when we remember the doubtful assumptions on which 
Struve’s value depends. I have therefore thought it would be of 
interest to determine a new value of this important constant. 

When considering the materials available for an investigation of 
this kind, it must be remembered that it is highly desirable not to 
employ stars differing too much,in brightness, nor too small a number 
of stars, in order that the result may be as free as possible from errors 
of observation depending on magnitude, or arising from irregular 
distribution of the stars over the heavens. I decided therefore to use 
telescopic stars, and, of catalogues of such, none seemed to me better 
suited for the purpose than Lalande’s ‘‘ Histoire Céleste Francaise,” and 
Schjellerup’ s Catalogue of stars, the latter being the same as employed 
by Nyrén. Lalande’s observations were made during the years 1789- 
1801, at the Observatory of the Ecole Militaire, in zones of 2°; among 
50, 000 stars, of which his Histoire Céleste contains observations, there 
are about 3300 which also occur in Schjellerup’s Catalogue ; and as 
they are distributed in a fairly uniform manner over the equatorial 
belt (between + 15° decl.) throughout the twenty-four hours of Right 
Ascension, and were observed most carefully with an interval of about 
sixty-six years, it seemed beyond doubt that they would furnish 
good material for the new determination of the Constant of Precession. 

The Histoire Céleste contains only the unreduced observations 
which were not catalogued until 1847, when the British Government 
published the well-known catalogue which had been reduced by 
means of Schumacher’s tables of reduction under the superintendence 


5 Nyrén, Das Aequinoctium fiir 1865, p. 31 (Mém. de l’Acad. de St. Péters- 
bourg, 1876). 
6 Vierteljahrschrift der astronomischen Gesellschaft, xiii. pp. 107-110. 
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of Baily. But unfortunately Schumacher’s tables depend too much on 
the values given by Lalande for the auxiliary quantities necessary for 
the reduction, which are far from exact, and Baily’s Catalogue is, 
therefore, now of little or no use except as an index to the stars ob- 
served by Lalande. In 1868 the late Dr. von Asten published new 
tables of reduction, founded on a thorough discussion of Lalande’s ob- 
servations of such stars as also occur in Piazzi’s Catalogue. From 
these tables it became necessary to reduce anew about 3600 Right 
Ascensions of about 3300 stars; but although this involved a consider- 
able amount of work, the comparison of the Right Ascensions thus 
derived with those of Baily showed how absolutely necessary this new 
reduction was. I have to thank the Royal Inish Academy for placing 
at my disposal a grant which enabled me to procure the assistance of 
an experienced computer for this part of the work. It is scarcely 
necessary to mention that I have taken into account the valuable col- 
lection of corrections to Lalande’s Observations which avg clamdey has 
published in vol. vir. of the Bonn Observations. 

When the Mean Right Ascensions for the year 1800 of all the stars 
common to Lalande and Schjellerup had been computed, I proceeded 
to reduce them to 1865-0, the epoch of Schjellerup’s Catalogue. As 
von Asten had used Bessel’s constant for the construction of his tables, 
and Schjellerup had used Struve’s, I thought it best to adopt the 
mean of the two constants, and deduce a correction to this mean as the 
final result of the investigation. By taking the mean of the preces- 
sions given for each star in Baily’s and Schjellerup’s Catalogue, I also 
took the secular variation of the precession into account without any 
trouble. I may add that I took every possible care to detect errors in 
Baily’s and Schjellerup’s precessions ; and whenever Argelander’s cor- 
rections to the original observations altered the place of the star for 
1800 sufficiently to influence the third decimal of the precession, I 
recomputed the latter quantity for the epoch 1800 with Bessel’s 
constant. 

The Right Ascensions thus reduced to 1865 were next compared 
with Schjellerup’s results. Wherever the difference Sch.—Lal. ex- 
ceeded about 0°-7, I examined the case carefully to find out whether 
there was a case of proper motion, or whether one of the two observers 
had failed by exactly one second (an error occasionally occurring in 
zone observations). If this latter was the case it was generally easy 
to detect the error by a reference to other star-catalogues, but if not, 
the amount of proper motion was determined in a similar way, unless 
indeed it could be taken from Midler’s Bradley, the Abo Catalogue, or 
Argelander’s list of 250 Proper Motions. As the majority of large 
proper motions are independent of the motion of the sun in space, and 
many adjacent stars are known to move in parallel directions, I 
thought it better not to trust to the large number of stars employed 
to do away with the effect of proper motion, but to correct for the 
latter wherever I could detect it. 


622 Proceedings of the Royal Irish Academy. 


Taking the mean of all the differences for each hour of Right 
Ascension, I found— 


0° Schj.—Lal. = + 0099 from 188 stars. 
1 100734) 20. eae 
2 G1 02009 0) kL SO 
3 O43) a. ila 
4 001 OG\u 0.) 0 ele 
5 ©) 04051- | 3/))) 10S 
6 110050 14) 02 128 ae 
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16 “0055... 5. 4 14oe am 
17 1 0-076)... eae 
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As will be seen from the number of stars within each hour, the 
stars are not quite as uniformly distributed as might have been 
wished, there being a minimum at 1>—2', and a maximum at 19°—20°. 
But as these hours must rather be considered as exceptional, and as 
the single differences within 1" and 2" agree well enter se and with the 
majority of the remainder, there is no reason to give these hours less 
weight than the rest. It is not without interest to notice the preva- 
lence of the plus sign around 3", and of the minus sign nearly diame- 
trically opposite. This agrees well with the direction of the motion 
of the solar system through space. 

The mean result of the 24 hours is— 


Schjellerup—Lalande = + 0%0459 + 0°:0061. 


From this difference we have now to separate the quantities depend- 
ing on the constant errors of the fundamental systems, 2.¢. of Piazzi’s 
Catalogue and the Nautical Almanac. It appeared advisable to reduce 
these to Newcomb’s above-mentioned standard system, which is pro- 
bably sensibly free from systematic errors; besides, I could thus make 
my final result directly comparable with Newcomb’s corrected values. 
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The correction to Piazzi is + 0°100, and that to the Nautical Almanac 
for 1861-63 is + 0°:078: the difference becomes then— 


Schjellerup—Lalande =+ 0°019 =+ 0”:285. 


This quantity must now be considered as arising from an error in 
the adopted value of the constant m; and as the interval between the 
mean dates of. the two series of observations was found to be exactly 
66 years, we have for 1829-7 (the mean of the two epochs), 


Am = + 0” -0048. 


This correction has now to be added to the mean of the two values 
of m which were used for computing the precessions for 1800 and 1865. 
This is 
m = 46” 06225, 


and consequently the new value is (for 18297), 
m = 46” -0666. 


In order from this to determine the Constant of Precession for the 
epoch 1800, I adopted the values of the planetary precession, the dif- 
ference between the lunisolar and general precessions, and of the 
obliquity of the ecliptic, given by the late Professor Peters in his 
memoir ‘‘ Numerus constans Nutationis,’’ and found for 1800 + ¢: 


Lunisolar Precession = 50”:3752 — 0” 0002168 ¢. 
General Precession = 50 ‘2865 + 0 °0002268 ¢. 
m = 46 -0581 + 0 :0002849 ¢. 
nm = 20 :0589 — 0 :0000862 ¢. 


The new value of the Constant of Precession, 50” -2365 for 1800, 
is only 0” -0046 smaller than the value now in use in all the great 
astronomical Ephemerides, and the confirmation thus given to Struve’s 
value is of importance, when we remember the uncertain foundation 
on which the latter rests. That my result is entitled to some weight 
cannot be doubted, as it depends on more than three thousand stars 
observed most carefully with an interval of 66 years. The result is 
also interesting as showing that the fainter stars, down to the ninth 
magnitude inclusive, are not distinguished by any common and rotatory 
proper motion, such as would reveal itself by their giving a different 
value for the Constant of Precession from that given by the brighter 
stars. 
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LXXXV.—Motitrere Renat Arteries. By A. Macazister, M.D., 
F.R.S., Professor of Anatomy, University of Dublin. 


[ Read, June 26th, 1882.] 


TrrecuLarities of the renal arteries are the commonest varieties met 
with among the abdominal vessels ; indeed these arteries present some 
form of variation in three cases out of every seven. 

Leaving out of account those varieties which are associated with 
misplaced, or horseshoe kidneys, we may classify the many forms of 
anomalous renal arteries as follows :— 

1. Varieties of Numbers.—The arteries may be—(a) diminished in 
number, and this under two conditions—(a), with absence of the left 
kidney, as in Weissman’s case;! or (6), with the origin of both renals 
from a common stem arising from the front of the aorta, as in Portal’s 
well-known instance. Very much more commonly (f) the arteries are 
increased in number. : 

Multiple renal arteries may be threefold—(a), Most commonly the 
additional branches spring from the aorta; (4), or they may come 
from other sources; or (¢) there may be a co-existence of additional 
vessels from both sources. 

Of the first class, there have been described cases of, 


ane [ one, \ 

2 right aortic two, . 
two, left aortic 
renals three, 
or : : renals. 

associated with or 
three 
four 


/ 


Of these twelve varieties, I have not found the variety of two right 
and four left, and I have seen, in addition, single instances of tlirce 
right and five left, and three right and six left. The commonest form, 
next to the normal condition of one on each side, is two on the right and 
one on the left. The second commonest condition is the reverse; but 
among the forms with larger numbers the greatest number is more fre- 
quently seen on the left than on the right side. In all these cases one 
vessel arises in the position of the normal renal; a second commonly 
springs from the aorta much lower down, generally on the level of, or 
below, the inferior mesenteric ; the third, when present, is a very short 
distance above the normal renal, very close to the supra-renal, ard on 
the level of the superior mesenteric (this branch is not to be confounded 


1 Tn cases like those described by Hunter (Med. Trans. of the London Coll. of 
Physicians, vol. iii. 1784, p. 250), and by John Reid (Phys. Path. and Anat. 
Researches, p. 417), where there were ¢wo kidneys on the right, and none on the 
left, there were two right renal arteries, an upper and a lower, and none on the 
left. For other cases, see Edin. Med. Journal, July, 1879. 
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with the form, to be hereafter noticed, of a renal branch from the 
supra-renal). These multiple branches have been described by most 
anatomists, so I need not give references. Cases of five on the right 
are described by Otto and Meckel, and other multiple forms are 
recorded by many of the older anatomists. 

2. Varieties of Origin.—Additional renals often spring from other 
sources, in the following order of frequency :—(a), The supra-renal, a 
very common source of an upper renal artery; (8), the second, or 
(y), the third lumbar artery ; (6), the right hepatic; (e), the colica 
dextra; (€), the external iliac; (7), the internal, or (@), the common 
iliac ; or (c), from the middle sacral. Of all but the first I have seen 
but single instances. Parallel cases, however, are quoted by Otto, 
who has seen two instances of the last form where the anomalous 
branch went respectively to the right and to the left kidneys. Otto 
also records a curious and unique example, in’which a branch from 
the right common iliac supplied the left kidney. 

The most remarkable instance of this class of variety which I have 
noted is one which I have preserved in our University Anatomical 
Museum, taken from a male adult subject. 

In this case, on the right side, there are three renals, two from the 
aorta, a normal, and an inferior, and one from the capsular artery. 
There is no capsular branch of the aortic renal on this side. On the 
left side there are six renals from the following varied sources :— 
three from the trunk of the abdominal aorta, a normal, an inferior, and 
a superior, which arises directly below the left. aortic supra-renal, and 
sends an inferior capsular branch to that organ, and enters the superior 
extremity of the kidney. The normal renal bifurcates before it reaches 
the hilus. 

A fourth renal artery springs from the front of the aorta, im- 
mediately above its bifurcation, and with its origin a little to the 
right of the middle line. If this origin were a quarter of an inch 
lower it would be comparable with Otto’s otherwise singular instance 
above quoted. The fifth renal arises from the sacra media, about half 
an inch below the origin of that vessel, crosses over the left common 
iliac artery underlying the ureter, and entering the lower part of the 
hilus of the kidney. The sixth and lowest branch arises from the 
internal iliac artery immediately at its point of division, ascends, 
crosses the common iliac, and pierces into the lower part of the gland. 
This instance is thus remarkable as combining in itself three of the 
rarest forms of anomaly hitherto described. 

8, Anomalies of branching of the renals are very common ; indeed, 
the number of branches whereby the normal renals enter the substance 
of the kidney is very inconstant; three or four are the commonest 
numbers, but I have seen up to ten penetrating branches. I have, 
however, preserved no record of the relative frequency of these. Otto 
describes the renals in one case as branching into very many branches. 
The other extreme, that is, the entrance of the renal by a single 
branch into the glandular substance, is rarer than multiple division. 
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4. Varieties of Entrance.—The places where renal arteries enter 
the kidney vary. Usually——(a), all enter at the hilum; (), one often 
enters at the lower end, and this in most cases comes from the aorta, but 
may be a branch of the normal renal, once from the lumbar ; (y), one 
may enter at the upper end, most commonly a branch of the supra- 
renal, but which may be from the aorta or normal renal. I have seen 
a vessel piercing into the front surface of the gland from the normal 
renal ; and in another case a posterior branch passed under the inner 
edge of the gland, and entered the gland at the middle of its posterior 
surface. 

5. Varieties of Distribution of Branches.—From the renal there may 
arise branches—(a), to the supra-renal capsule, very common if not 
normal; (), to the diaphragm, once; (c), to the right crus of the 
diaphragm ; (d@), to the right colon; (¢), to the pancreas, deep surface 
of the head; (/), to the testis, supplanting the normal spermatic; 
(7), to the right lobe of the liver. These anomalous branches, with 
single examples of which I have met, were all on the right side, 
which is curious, as the majority of the anomalies in Class No. 2 were 
sinistral. 

In connexion with these anomalies, it is interesting that in one 
case of Oppolzer’s anomaly, a floating kidney, where the organ was 
almost entirely surrounded with peritoneum, the vessels were normal, 
as in the case described by Urag (Wiener Medicinische Wochenschrift, 
857, No. 42). 

Multiplication of renal arteries is not surprising when we consider 
the arrangement of these vessels in other animals and their develop- 
ment. Thus for the elongated kidneys in fishes the arteries are 
numerous, and with a trace of metamerism in their succession. In 
the iguana and monitor, among lizards, they are’ also multiple, as also 
in snakes. The alligator and crocodile have three or four on each 
side. Most birds have four, five, or six pairs, of which the three 
uppermost arise from the aorta, and the two or three lowest from the 
ischiatic. 

The mammalian kidney is the metanephros, or hinder part of the 
primitive excretory organ, and it originates from a rounded mass of 
mesoblast, from the intermediate cell mass at that region where the 
dorsal outgrowth from the Wolffian duct extends forward to the tissue 
behind and nearer the spine than the rest of the nephros. In this tissue 
the vessels originate 7” situ in the mesoblast, close to those which 
supply the abdominal wall. These vessels, which are thus close 
together, separate at an early period, though traces of this primitive 
relation persist in the extra-peritoneal anastomoses of the renal ar- 
teries, through their arterize adiposee and capsular branches. We owe 
many of the anomalies above described to persistent accidental enlarge- 
ments of some of these vessels. 
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LXXXVI.—Moscunar * ANOMALIES, INCLUDING THOSE OF THE 
Drapnracu, and SuppIaAPERAGMATIC Regions oF THE Human Bopy. 


By J. EF. Kwort, F.R.C.S8. 1. 
[Read, June 26, 1882.] 


Ty a Paper read before the Royal Irish Academy last year (vide these 
Proceedings, ante, page 407) I gave a short description of the leading 
Abnormalities in Human Myology which had come under my notice dur- 
ing a dissecting-room experience of four winters. This was fairly com- 
plete, so far as the muscles of the head, neck, and upper extremities 
are concerned, but included only a few of those of the trunk and 
lower limbs. Some of my scattered notes were mislaid at that time, 
and I was obliged to postpone their publication. Accordingly, I take 
the present opportunity of laying before the Academy the results of 
my observations on the muscular variations occurring in the infra-dia- 
phragmatic segment of the human body, during an anatomical experience 
of five winter sessions. 

Diaphragm (phren, septum transversum, midriff).—This muscle I 
have examined, with a special view to the detection of anomalies, in 
thirty-six cases. Besides the variations observed in these more special 
instances, I made notes, from time to time, of peculiarities which 
were casually observed, or to which my attention was called by the 
dissector. Special care was given to the examination of the aortic 
opening in the cases tabulated. 

Crura. (Appendices of Haller, Capita of Albinus, Processus of 
Santorini).—The crus of either side is divided by Professor W. Krause 
into three parts: crus internum (s. mediale), crus medium, and crus ex- 
ternum. Oi these, the first is attached to the bodies of the third and 
fourth vertebre, and the intervertebral disc between; the middle crus 
arises by a small and pointed process from the front of the second 
vertebra, while the lateral crus, shorter and broader, arises from the 
anterior and outer aspects of the body and front of the transverse process 
of the first lumbar vertebra. Through the interval between the crus 
internum and crus medium pass the splanchnic nerves ; lying on the 
outer side of which is, on the right side, the major azygos vein; on the 
left side, the minor. Between the middle and external crura passes 
the sympathetic chain on either side. The tendinous margin of the 
external crus forms the ligamentum arcuatum internum. 

This I regard as much the best description of the arrangement and 
attachments of the crura. Variations in the course of the veins and 
nerves are, however, often met with. The hiatus aorticus not un- 
frequently transmits the n. splanchnicus major; sometimes both this 
nerve and the azygos vein (major or minor). The minor splanchnic 
sometimes passes through a slit in the crus internum, thus subdivid- 
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ing the latter into two pillars. These nerves sometimes pierce the crus 
medium. The v. azygos or hemiazygos may pass through the inter- 
val between the middle and external crura on the corresponding 
side, and either—hardly ever both—may pass through the aortic 
opening. 

The hiatus aorticus transmitted the major splanchnic nerve in 
three instances; the corresponding nerve of the right side passed 
through the same opening in one case, while that of the left side did 
so in two of the thirty-six bodies. The n. splanchnicus minor of the 
right side pierced the crus internum in one instance. The v. azygos 
major passed through the aortic orifice in two of the bodies. The 
hemiazygos vein passed through the interval between the middle and 
external crura in the same subjects. 

The occurrence of erratic muscular slips was noted in several of 
these specimens. In two cases a well-defined muscular bundle of an 
inch in breadth arose from the back of the sheath of the rectus 
abdominis, close to the xiphoid appendix. A narrow bundle of mus- 
cular fibres, stretching antero-posteriorly on the left leaflet of the cor- 
diform tendon, was present in one case, and I have met with the same 
anomaly in two other instances. A muscular band, passing from the 
under surface of the tendon in front and to the left of the oesophageal 
orifice, and adherent to the upper surface of the liver at its other 
extremity, forming a m. hepatico-diaphragmaticus, was present in one 
of the bodies. A distinct muscular band, passing in front of the aortic 
orifice, was present in five cases. The other variations noted were 
chiefly of the extent of the costal attachments. 

Obliquus abdominis externus.—The variations of this muscle I have 
also tabulated in thirty-six cases, besides noting other anomalies 
which came under my notice. The digitations of origin have been 
found by me, as by most other observers, to vary usually from six to 
nine, but in one instance no less than ten were enumerated, the eight 
lower ribs giving attachment, and the seventh and eight ribs having 
each two digitations. In two cases the twelfth rib did not give origin 
to any of the muscular fibres, and this variety I have also noted in 
five other instances (not included in the number specially examined). 

Some of the fibres were twice found continuous with those of the 
serratus anticus magnus; in both cases these fibres were connected 
with the ninth rib. The posterior fibres, which, descending less 
obliquely than the others, pass to the iliac crest, present consider- 
able variations in the extent of the osseous tract to which they are 
attached on the ilium. This I have found to vary from one-third to 
two-thirds of the length of the crest. In one instance (and in four 
other cases noted from time to time) the iliac origin of the latissimus 

-dorsi came into absolute contact with the posterior edge of the oblique 
muscle at its attachment to the bone, so that the triangle of Petit did 
not exist. This was found in all the cases in very muscular subjects. 
The degree of adhesion of the aponeurosis to the linea semilunaris 
Spigelii I have found to vary very considerably : in one case it could 
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be separated with the greatest ease, not presenting any intimate 
adhesion at all; in two other cases the connexion was so slight that 
the aponeurosis could be satisfactorily separated till the linea alba 
was reached. 

Camper’s intercolumnar bands (fibre collaterales of Winslow).—These 
fibres present very varying degrees of development, and I have, in 
emaciated subjects, sometimes found them so weak as to be able to 
afford hardly any strength to the upper angle of the ring. Complete 
absence has been observed by Professor Macalister: this I have not 
seen, and believe that it must be a very rare condition, as I have 
examined the ring with special care in more than two hundred sub- 
jects without observing it. 

A variability of development somewhat proportionate to that of 
Camper’s bands I have found to exist in the case of Colles’s triangular 
ligament (ligamentum inguinale internum of Bourgery, lig. Gimbernati 
reflecum of Henle). 

Obliquus externus abdominis minor (s. secundus).—One example of 
this muscle I have met with (not in any of the cases specially 
examined) ; arising from the ninth and tenth ribs at the junction of 
bone and cartilage, it passed down to its insertion into Poupart’s liga- 
ment, about the junction of the middle and outer thirds. Its breadth 
at the upper end was about two and a-half inches; at the lower 
extremity about an inch only. About two inches of the latter were 
aponeurotic. 

Rectus lateralis abdominis (Kelch).--This muscle has been described 
as arising from the tenth rib, about the middle of its lower border, and 
passing down between the external and internal oblique muscles, to 
its insertion into the crista ilfi, also about the middle. I have twice 
met with a muscular band, to which this name may be applied, but it 
arose in each case from the eleventh rib, near its apex. The inser- 
tion was that of the muscle described by Kelch. 

Obliquus abdominis internus.—This muscle I examined in the same 
subjects as the last. In these, as in other cases, its origin from 
Poupart’s ligament varied considerably. In six instances it occupied 
fully two-thirds of the length of the latter structure ; in twenty-two, 
about half; in the remaining eight the attachment was somewhat less. 
The costal attachments varied from two to five. In twenty-eight of 
thirty-six muscles, the muscle was inserted into three ribs; in three 
cases into five ; in six into four; while in two examples the correspond- 
ing number of ribs gave attachment. In two cases (not included 
among the thirty-six already referred to) this muscle was so closely 
connected with the transversalis that I could not satisfactorily separate 
the adjacent surfaces. A tendinous inscription of about two and a-half 
inches in length was observed in one case to be placed opposite the 
apex of the tenth rib. This I have also noted in five other instances. 
In two cases (not of the thirty-six) I found a similar, but shorter, in- 
scription opposite the eleventh rib. An isolated cartilaginous slip 
opposite the tenth costal cartilage I have met with twice, and similar 
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observations have been made by Professors Henle and Macalister. 
The linea semicircularis Douglasii which marks the level of the 
entrance of the deep epigastric artery within the sheath of the rectus 
abdominis is regarded by Retzius and by Hyrtl as the margin of a 
fold of the fascia transversalis, which descends from that level to 
cover the posterior surface of the bladder. With the description of 
these distinguished anatomists I cannot concur, and prefer to regard 
the semicircular border as the lower edge of the aponeurosis of the 
transversalis united with the posterior lamella of that of the internal 
oblique, where they cease, to pass behind the rectus musele. 

Transversalis abdominis.—The costal attachments of this muscle, in 
twenty-nine of thirty-six cases, were six in number. In four the 
attachment was to seven ribs; in the remaining three the number was 
reduced to five. Guthrie’s description of the perforation of the lower 
part of the muscle by the spermatic chord was verified by two exam- 
ples, and I have also seen two or three others. The reflected fibres 
described by Sir Astley Cooper as passing from the outer edge of the 
conjoined tendon and reaching along Poupart ligament as far as the 
internal ring, I have not found at all well developed in any case. 
Only a few scattered muscular bundles can be found in the aponeuro- 
tic process, which passes from the outer margin of the conjoied ten- 
don, along the posterior wall of the inguinal canal. 

Reetus abdominis.—The variations of this muscle chiefly affect the 
breadth, length, and number of tendinous inscriptions. The breadth 
opposite the umbilicus I have found to vary from two and a-quarter 
inches to three and three-quarters. I have traced some of the fibres to a 
sternal insertion in two instances. In one case I noticed that the upper 
attachment of the muscle was to the cartilage of the fourth and fifth ribs. 

The number of tendinous inscriptions varies from two to five, three 
being the usual proportion. They were specially examined in sixty 
cases. Of these, two presented absence of the xiphoid inscription, 
those present being the umbilical and intermediate. I have also 
observed this in two other subjects, in one of which the deficiency 
was bilateral. The intermediate inscription was absent in one case, 
and I have noted two other instances. In one case observed (not 
included in the above sixty) there were five lines transverse, two 
being infra-umbilical. In five of the sixty cases one infra-umbilical 
inscription was present, the degree of development varying greatly. 
The umbilical inscription was invariably present. 

Doubling of this muscle on one side has been recorded by Otto; 
but this must be excessively rare. In some emaciated subjects I 
have sometimes found one or two segments easily separable into two or 
three fasciculi. 

Pyramidalis abdominis.—This muscle I have carefully examined in 
sixty subjects, In nine of these the muscle was absent on both sides. 
In five subjects it was absent on one side only: in three of these the 
deficiency was on the left side; in two on the right. In six of the 
subjects the left was obviously smaller than the right, the difference 
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in length being from half to one inch. In one case a tendinous slip 
from the upper end of the fleshy fibres produced the insertion as far 
as the umbilicus: the tendinous segment was in this case about one- 
third the whole length. It occurred on the right side. In one case a 
tendinous inscription was found to cross the muscle about its middle; 
its development was bilateral, and the inscriptions on the same hori- 
zontal level. In another case, not included in the above number, I 
have seen a tendinous intersection on one side. The length of the 
muscle varies within wide limits, and, in my experience, ranges from 
little more than one-fourth of the distance between the pubis and 
umbilicus to two-thirds of that space. The breadth similarly varies 
from one-third of that of the pubic crest to the whole width of the 
latter. 

The muscle is, in some cases, easily separated into two or three 
fasciculi; but I do not think that these deserve the name of double, 
triple, or quadruple pyramidales, such as have been occasionally 
described by anatomists, and from, I have no doubt, similar ap- 
pearances. 

Cremaster.—The only variation of this muscle which I have noted 
is an origin almost wholly continuous with the lower fibres of the 
transversalis abdominis. 

Pubo-peritonealis (Macalister); pubo-transversalis (Krause).—I 
have in one subject found a delicate band of muscular fibres, cor- 
responding in position to the anomalous muscle described under the 
above name by Professor Macalister. It arose from the ilio-pectineal 
line behind Gimbernat’s ligament, and passed obliquely upwards 
towards the middle line, between the transversalis muscle and fascia, 
to within two inches of the umbilicus. It passed in front of the deep 
epigastric artery, and was inserted into the fascia transversalis. 

Quadratus lumborum (Scalenus lumborum of Meyer).—According to 
C. Krause, the anterior portion of this muscle has normally an attach- 
ment to the body of the twelfth dorsal vertebre. This observation 
does not accord with my experience; but this vertebral attachment 
did exist in eight, out of thirty specimens, in which it was specially 
searched for. The slip passed upwards and inwards in front of the 
twelfth rib, and below and nearly parallel to the eleventh intercostal 
nerve. In two cases (not included in the above number) I have 
found a slip to the eleventh dorsal vertebra, and, in three instances, 
slips to both eleventh and twelfth co-existed. In one subject a slip 
passed to the lower border of the eleventh rib. 

Levator anti (levator intestini recti; diaphragma pelvis).—This 
muscle seldom presents any notable anomalies. An inferior slip of 
occasional occurrence is mentioned by W. Krause, passing separately 
backwards to the anus, sometimes above the transversus perinaei 
superficialis, and, in other cases, above the transversus p. profundus. 
I have once seen a band of fibres answering to the description in the 
last-named position. 

Coccygeus.—This muscle, the rudimentary homologue of the m. 


632 Proceedings of the Royal Irish Academy. 


abductor caude anterior of the canine tribe (W. Krause), presents 
great varieties in the degrees of its development. Three times I have 
found complete absence of the muscular fibres; in one of these the 
deficiency was bilateral, and tendinous fibres took the direction of the 
normal muscular bundles. 

Sacro-coccygeus posticus ; extensor coccygis ; levator coccygis (Mor- 
gagni).—This bundle of muscular fibres I have found four times in 
thirty subjects. Once it was bilateral ; once the origin was from the 
posterior inferior iliac spine; in the other cases it arose from the 
posterior surface of the third and fourth bones of the sacrum. W. 
Krause regards it as the homologue of the extensor caude lateralis of 
the dog. 

Sacro-coccygeus anticus ; curvator coccygis (the homologue of the 
m. flexor caude of the dog, according to W. Krause).—This band of 
muscular fibres passes from the fourth and fifth bones of the sacrum, 
along the front of the coccyx, nearly to the tip of the latter. I found 
muscular fibres twice in sixteen subjects, and in several others tendi- 
nous bands occupied the corresponding position. I have also met 
with these fibres in several other instances, but they were always very 
weakly developed. 

Transversus perinaet superficialis (s. posterior).—This muscular 
band, which was first figured by Tiedemann (1822), is described by 
Lesshaft as an anomalous muscle of comparatively rare occurrence 
(9 per cent.) Krause has, however, found its occurrence much more 
frequent, and I have myself found it six times in thirty subjects in 
which it was searched for. I have also met it casually in many other 
dissections. It was regarded by Theile (1841) as an aberrant slip of 
the sphincter ani externus. This muscle lies between the layers of 
the superficial fascia, passing from opposite the inner margin of the 
ascending ramus of the ischium, or beneath the tuberosity of this 
bone, forwards and inwards to the central tendinous point of the 
perineum. The muscle more generally known as the ¢. p. super- 
ficialis has been named by Lesshaft the— 

Transversus perinet medius.—This muscle lies between the deep 
layer of the superficial fascia (so-called fascia of Colles) and the 
anterior layer of the triangular ligament. According to Lesshaft, 
this muscle is absent in thirty-five per cent. of the cases examined. 
In thirty subjects specially examined by me the muscle was eight 
times absent, the deficiency being bilateral in five cases. In the 
others the degrees of development varied greatly. 

Transeersus perinet profundus (s. anterior). (Guthrie’s muscle ; 
ischio-bulbosus).—This muscle is placed farther forwards than that 
already named, and is separated from the anterior margin of the 
levator ani by the deep layer of the triangular ligament. The degree 
of development varies greatly, and it was completely absent three 
times in thirty bodies. 

Gluteo-perinealis (Krause).—This band of muscular fibres, passing 
from the fascia over the inner margin of the gluteus maximus (oppo- 


Kwnorr—On Muscular Anomalies. 633 


site the tuberosity of the ischium) to the central tendincus point of 
the perineum, I have twice observed. It is a variety of transversalis 
periner superficralis. 

Levator urethre ; pubo-urethralis ; Wilson's muscle.—This muscle is 
now properly regarded as formed by the anterior fasciculus of the 
levator ani muscle. It is a small band (usually about 1 mm. in 
breadth), which arises about 1 cm. outside the margin of the symphysis 
pubis, and about the middle of its level, and passes downwards and 
backwards to the central tendinous point of the perineum. It was 
absent five times in thirty subjects examined, the deficiency being 
bilateral in all cases. 

Psoas magnus.—This muscle was examined on both sides in forty 
subjects. Some variations of origin were observed. In three instances 
some fibres took origin from the neck of the last rib; this peculiarity 
was symmetrical in two of the cases. Fibres of origin came from the 
lateral margin of the right crus of the diaphragm in one of these, and 
I have notes of three other cases in which the same was observed. 
An origin from the left crus I have once met with. 

The origin from the last lumbar vertebra was deficient in five 
bodies. In three this occurred on both sides; in the other two it was 
unilateral, the deficiency being on the left side in both cases. 

Psoas parvus.—This muscle was present in seven of the forty 
subjects. In five of these it was bilateral ; in the other two on the 
right side only. The origin in all cases was as described in the ordi- 
nary text-books. 

A case of psoas parvus having the usual origin, but inserted into 
the side of the cartilage between the third and fourth lumbar ver- 
tebree, has been already published by me in these Proceedings. 

Sartorius.—A case of insertion into the inner side of the capsule 
of the knee-joint has been already recorded. A well-marked separa- 
tion between the spinous origin of this muscle and that from the 
interspinous notch I have four times noted. In three cases the chink 
transmitted a considerable branch from the ascending division of the 
external circumflex artery. 

Quadriceps extensor cruris ; rectus (eaternus) femoris.—Slight varia- 
tions in the tendons of origin or insertion of this muscle are not 
unfrequent. In forty specimens, carefully examined, three presented 
direct continuity of the acetabular and spinous heads of origin. In 
one case, a small accessory tendinous slip came from the anterior 
superior spine; in two there was a division of the spinous origin of 
the muscle into two parts, separated by a thin layer of areolar 
tissue. 

In one of the cases enumerated above, and in three others which I 
have from time to time observed, the tendon of insertion was covered 
in front, by the overlapping of the vasti tendons, which, with the 
crureus, formed a canal, through which the former tendon passed to 
the patella. 

Vasti muscles; crure@us.—The variations of these muscles were 
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almost entirely limited to the size and extent of femoral attachments, 
and presented but little interest. The vasti I have sometimes found 
bilaminar, and this is, I think, more frequent than is usually sup- 
posed: I have noted five cases of this arrangement in the internal, and 
three in the external muscle; and also met with several others of 
which I made no record. 

The sub-crureeus was absent in three of the forty limbs ex- 
amined. 

Adductor bongus.—This muscle was divided into two lamelle along 
its whole length, in three cases of which I made notes. One of these 
was among the forty of which the femoral muscles were specially 
examined. In cases recorded by Wood and by Macalister this muscle 
received a slip from the pectineus, which joined the former by crossing 
in front of the profunda femoris artery. A muscular fasciculus 
passing to the inner side of the vastus internus, by crossing in front of 
the aponeurotic sheath, which forms the anterior wall of Hunter’s canal, 
was found in one case. 

Adductor brevis.—In a considerable proportion of the cases ex- 
amined this muscle could, with considerable ease, be separated into 
two portions, the line of division being marked by the passage of a 
perforating artery. Clason (Upsala lakaroforen forhandl. 1872, vu. 
599) describes the muscle as being separated in this way into two 
segments—a superior, somewhat transverse, adducting part, and an 
inferior portion, more vertical in direction, and chiefly concerned in 
the act of flexion. 

Adductor magnus.—The only notable variety I have found in this 
muscle is the complete separation of the segment which goes to the 
inner condyle of the femur. This I have noted in three instances, of 
which only one occurred among the forty above referred to. 

Adductor gracilis (rectus femoris internus).—This muscle rarely 
presents any considerable degree of deviation from the description 
usually given in our text-books. Tendinous fibres are sometimes 
formed about the junction of the middle with the lower third of the 
thigh, which blend with the fascia lata, after a very short course. 
This [ have noticed in four instances. 

Pectineus.—The portion of the fibres of this muscle which arise 
from the ilio-pectineal eminence occasionally form an accessory head 
of origin separate from the rest of the muscle. This happened once 
among forty specimens consecutively examined, and I have also noted 
its occurrence in two other instances. A few of its outer fibres I 
have once seen inserted into the front of the hip-joint capsule. 

Gluteus maxzimus.—A thinner deep lamina, formed by those fibres 
of the muscle which arose from the great sacro-sciatic and posterior 
sacro-iliac ligaments, was separated from the superficial part of the 
muscle by a distinct layer of connective tissue. This occurred five 
times in forty subjects examined. In three instances the origin of the 
muscle reached to the second coceygeal vertebra only; in all the 
others there was the usual attachment to the third piece. An acces- 
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sory slip of origin from the lumbar aponeurosis occurred in two of 
these. This I have also noticed in three other instances. 

Gluteus medius.—In five cases the anterior edge of this muscle 
adhered intimately to that of the minimus. <A bond of union between 
the anterior edge and that of the gluteus minimus, with the fascia 
lata, is formed by the ligamentum suspensorium ossis femoris of 
Ginther (ligamentum suspensorium trochanteris of Henle). When 
well developed, this band is about seven centimetres in breadth, and 
reaches from the outer lip of the iliac crest to a little below the 
trochanter major. 

Gluteus minimus.—This muscle I have twice seen pierced by the 
gluteal vessels and superior gluteal nerve. In one of these the 
inferior segment was adherent to the pyriformis for the greater part of 
its length. 

Gluteus accessorius.—A deep inner lamina of gluteus minimus 
passing with the tendon of the latter to its insertion, and separated 
from it by a thin layer of areolar tissue. Three specimens noted. 

Gluteus quartus ; scansorius ; invertor femoris.—This name has been 
given to a differentiated anterior segment of the gluteus minimus, 
which stretches forwards and upwards to the anterior superior spine. 
The specimens of this anomalous muscle which I had noted were 
placed on record last year. It was met with once last winter, in 
which case the occurrence was symmetrical, the insertion being on 
one side into the trochanter major with that of gluteus minimus, and 
on the other partly into the trochanter, and partly to the side of the 
vastus externus. 

Pyriformis.—This muscle varies a good deal in the degree of its 
development, but I have never met with a case of complete absence, 
such as has been described by Budge and by Macalister. I have noted 
two instances in which the sacral digitations were reduced to two. 
Both had been the subjects'(on the corresponding side) of chronic 
rheumatic arthritis. The iliac origin (at upper border of great sacro- 
sciatic notch) was twice in forty cases separated by a distinct 
areolar layer from the sacral portion of the muscle. The superior 
gluteal nerve perforated the upper part of the muscle in one case. The 
splitting by the great sciatic nerve occurred three times in forty lower 
limbs; once it was bilateral. 

Gemellus superior.—This muscle I have found absent in a consider- 
able number of instances. Once I found its fibres joiing the tendon 
of pyriformis, instead of that of obturator internus. In three cases 
dissected by me the muscle could easily be separated into two parts. 

Gemellus imferior.—During the last winter session I noted for 
the first time two instances of the absence of this muscle. I have 
several times found the muscle easily divisible into two or even three 
fasciculi. ‘Two cases have also been noted in which connecting fasci- 
culi passed from this muscle to the adjacent margin of the quadratus 
femoris. 

Obturator internus,—Slight variations in the field of origin of this 
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muscle are not infrequent, but they seldom amount to marked peculi- 
arity. The most remarkable I have met with is an origin from the 
anterior surface of the great sacro-sciatic ligament, close to the lesser 
sciatic foramen. This I have seen three times. In one case the ac- 
cessory slips formed a fleshy band of about three-quarters of an inch 
in width, and about a line and a-half in thickness. The others were 
hardly half so large. A distinct slip, arising from the inner surface 
of the ischium, above the level of the spine, was present in two sub- 
jects examined, and the slip was symmetrically developed in one 
case. 

Obturator externus.—This muscle is very frequently divided into 
two layers by the obturator vessels and nerve. This division occurred 
in four of twenty cases consecutively examined; the upper smaller 
portion taking origin from the horizontal ramus of the pubis. Ina 
somewhat smaller proportion of subjects a very intimate degree of ad- 
hesion of the tendon to the capsule of the hip-joint was noticeable. 

Quadratus femoris.—Two cases of absence of this muscle have been 
already published, as mentioned under the head of gemellus inferior. 
J have found fibres of connexion passing from the latter muscle into the 
upper edge of the quadratus. In three cases an accessory bundle of 
muscular fibres took their origin from the tendon of the semimembra- 
nosus, and a similar variety has been noticed by Mr. Kelly of this city 
(quoted by Macalister). The lower border I have occasionally found 
very closely adherent to adductor magnus. 

Semi-membranosus.—The tendon of origin was observed in three 
cases to consist of two completely distinct parts. In one the peculi- 
arity was bilateral. A slip of insertion to the retinaculum ligamenti 
arcuati has been noticed by Macalister, and I believe it to be of pretty 
frequent occurrence, as I have observed it in a good number of cases. 
A distinct slip to the fascia of the leg, forming a tensor fasciae suralis, 
is mentioned by W. Krause. Of this I have met with one example. 

Semi-tendinosus.—This muscle rarely presents any notable variety. 
The tendinous inscription I have in one case found to be doubled ; in 
a large number of cases it was interrupted, but never completely 
absent. 

Biceps flexor auris.—I have already published two cases of absence 
of the short head of this muscle. An accessory head arising from the 
upper part of the linea aspera has also been recorded, and since its 
publication I have met with two other specimens of three-headed 
biceps ; the accessory head arising, in one case, from the upper part 
of linea aspera, and in the other from the internal condyloid ridge of 
the femur. 

Of the variations of the tendon of insertion I have noted four 
examples of a slip to the outer tuberosity of the tibia. A tendinous 
band of three-quarters of an inch in breadth, passing to the tendo 
Achillis, came under my observation in one case: the subject had been 
a very muscular one. 

Tensor fascie suralis.—A slip from the biceps to the fascia, over 
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the muscles of the calf, sometimes occurs, and has been described 
under this name. I have observed such a slip in two cases; in one it 
was bilaterally developed. 

Tibialis anticus.—The origin of this muscle rarely presents any 
considerable variety. Ihave twice observed an accessory bundle of 
muscular fibres from the head of the fibula. The insertion is not so 
constant. Of thirty cases examined, two sent each a slip to the liga- 
mentum cruciatum ; in two others a slip was sent to the inner side of 
the head of the first metatarsal bone: one was found to send a process 
to the base of the first phalanx of the great toe. The slip to the liga- 
mentum cruciatum is present, according to Professor W. Krause, in six 
per cent. of the cases examined. 

Tibio-fascialis anticus (Wood); tebialis anticus accessorius (s. pro- 
fundus) ; tensor fasciae dorsalis pedis (W. Krause).—Of this muscular 
slip I have met with two examples in forty cases consecutively noted. 
It was in each case united to the tibialis anticus at its origin, and the 
insertion was partly into the annular ligament and partly into the 
deep fascia on the dorsum of the foot. 

Extensor proprius hallucis.—The only variety of this muscle which 
I have noted was a slip from its tendon to the innermost tendon of the 
extensor brevis digitorum. This I have observed in four instances. 

Extensor digitorum longus.—The tendons of this muscle were 
specially examined in thirty cases. Two of these presented a slip to 
the innermost tendon of extensor brevis digitorum, which proceeded 
with it to the base of first phalanx of great toe. Two others sent slips 
to base of first phalanx of second toe. In one case a well-marked slip 
passed from the outermost tendon to the dorsum of the fifth metatarsal 
bone about its middle. Two sent slips to the base of this bone. In 
another case two slips were sent from the third and fourth tendons to 
the bases of the fourth and fifth metatarsal bones respectively. 

Extensor hallucis longus accessorius (s. minor) ; extensor primi inter- 
nodi hallucis—This muscle is of very frequent occurrence, so that it 
is regarded by some observers as a normal structure. It was found 
by Professor Wood in nearly half the subjects which he examined, 
and other observers have recorded a proportional frequency of as much 
as eighty per cent. I have found a muscular slip, more or less com- 
pletely continous at its origin with the lower part of the extensor 
proprius pollicis, and proceeding to the base of the first metatarsal 
bone—in sixteen cases of forty in which it was specially searched for. 
In four cases a slip having the same insertion came from the tendon of 
proprius pollicis, and in one from the innermost tendon of longus 
digitorum. 

Peroneus longus.—This muscle I have found inseparably adherent to 
the brevis in three instances. In two cases I observed a tendinous slip 
to the base of the fifth metatarsal bone, to which it adhered, even below 
and behind the tendon of insertion of the peronzus brevis. In another 
case a slip passed forward to the under surface of the head of the first 
metatarsal bone. Expansions from the tendon to the bases of the third 
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and fourth metatarsal bones were also noted (one example of each). 
These anomalies were all furnished by a series of forty cases specially 
examined. Some other similar variations I have also from time to 
time noted, without making any record of their relative proportion. 

Peroneus accessorius.—This name has been given to an accessory 
origin of the peroneus longus. I have met with two well-marked 
examples, each in the form of a muscular slip, about two and a-half 
inches in length, and a line and a-half in thickness, arising about the 
middle of the fibula between the long and short peronei. 

Peroneus brevis.—In the origin of this muscle I have noted 
no marked peculiarity except that of origin, as mentioned under the 
head of peronzeus longus. In a good many cases a tendious prolonga- 
tion was given to the origin of the short flexor of the little toe. A 
slip to the extensor tendon of the little toe was present six times in 
forty. In each case it arose either opposite to the external malleolus 
or immediately in front of it. A slip of corresponding origin was in 
one case united with the tendon of the fourth dorsal interosseous muscle, 
and in another was found to be inserted into the dorsum of the fifth 
metatarsal bone about its middle. 

Peroneus quartus.—Of this muscle I have already recorded the oc- 
currence of two specimens. I have since met with a third, having 
similar attachments to the others, but larger. In this case it pre- 
sented the additional peculiarity of sending a second tendon to the 
outer surface of the os calcis behind the insertion of the other. An 
analogous structure has been described by Professor W. Krause. 

Peroneus quintus.—Having a similar origin to that of the muscle 
last described, and joining the tendon of extensor digitcrum longus for 
little toe. One specimen came under my notice last session. 

Extensor brevis digitorum.—Twice in forty cases I found this muscle 
give a delicate tendon to the little toe, joiming the expansion of the 
common extensor. In one of these the tendon to the great toe was 
absent, and I have noted this peculiarity in several other instances. In 
two cases a small slip was sent to the tendon of the fourth dorsal 
interosseous muscle: one to that of the third, and one to that of 
the first, have also been noted—a single example of each. 

Indicator pedis.—An independent muscular band, arising from the 
dorsal surfaces of the astragalus and scaphoid bones ; and inserted into 
the extensor tendon for second toe. This I have twice met with. 

Gastrocnemius.—Accessory fibres of origin of this muscle from the 
external lateral ligament of the knee-joint have been already re- 
corded (five examples). 

Gastrocnemius tertius.—This accessory third head of gastrocnemius 
has come twice under my notice during last session. One arose from the 
tendon of the biceps femoris; the second from the inner division of the 
linea aspera, two inches above the knee-joint. Two other instances, 
each from the planum popliteum, have been already published. 

Plantaris.—This muscle was absent three times in forty subjects 
examined. The average frequency of the deficiency is ten per cent, 
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according to Krause. In one case I found this muscle arise from the 
back of the head of the fibula. An accessory head from the ligament 
of Winslow I have found in a considerable proportion of cases, and 
one from the planum popliteum of femur has been noticed in another 
instance. The latter was of considerable size (about one-third that of 
the normal head of origin). 

Plantaris minor (Krause); popliteus superior s. minor (Calori.)— 
When the accessory head of the plantaris is completely separate, these 
distinctive names have been applied to it. 

Soleus.—The soleal lamina of the tendo Achillis I once found quite 
distinct down to its insertion. A bi-laminar fibular head was noted 
in three instances, the lower lamina being the smaller in each case. 

Tensor fascie plantaris. —A muscular lamina of about three-quarters 
of an inch in breadth, arising from the linea poplitea of the tibia below 
the soleal attachment, and passing down, superficial to the inner annular 
ligament, to be inserted into the plantar fascia. Of this muscle I met 
with one example. In another subject a muscle of similar origin was 
inserted into the ligamentum lanciniatum. 

Popliteus.—In one case I found a small sesamoid bone in the ten- 
don of the poplitaeus, and its development was bilateral. A double 
muscle once. 

Popliteus minor.—An accessory bundle of fibres arising from 
the outer tendon of the gastrocnemius. Found present on two 
occasions. 

Flexor digitorum longus.—The astonishing irregularity of the ar- 
rangement of the tendons of this muscle, and of its connexion with other 
tendons, has been conclusively shown by Professor Turner; also by 
the tabulated observations of F. E. Schultze, Wood, &c. As my own 
observations closely agree with those of the distinguished anatomists 
whom I have named, I did not tabulate them. 

Flexor digitorum longus accessorius.—One example of this muscle I 
found arising between the lower part of the usual flexor and the tibialis 
posticus, and, passing into the sole of the foot, divided into two slips, 
which joined the tendons of second and third toes. In another case it 
assumed the form of a 

Flexor digiti secundi proprius. 

Flexor digiti minimi accessorius.—A muscular slip arising from the 
under surface of the tendon of the common flexor before its division, 
and going to the little toe. Its tendon is pierced in the thecal sheath 
by the corresponding tendon of the flexor brevis digitorum. 

Tibialis posticus.—This muscle I have seldom found to present 
variations of striking interest. The tendon of insertion I have noticed 
in three instances to send a well-marked slip to the inner tendon of the 
flexor brevis digitorum. An insertion into the cuboid bone has been 
described as an anomaly, but this will be found to be present in the 
majority of cases, if searched for with sufficient care. 

Flexor hallucis longus.—The origin of this muscle I have found 
very constant. The slip given from the tendon of this muscle to that 
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of the flexor digitorum longus I have found absent in two instances. 
Thrice I have noted the presence of a tendinous slip to the second toe, 
which was pierced (within the thecal sheath) by the corresponding 
tendon of the flexor longus digitorum. In a considerable proportion 
of cases (twenty-two per cent., according to Krause) one or more slips 
may be traced to the tendons of the lumbricales. 

Tibialis secundus (Bahnsen); tensor capsule tibiotarsalis ; tensor 
membrane synovialis tarsi.—This anomalous muscle I have found pre- 
sent in two cases only. The degree of development was very different 
in the two. Arising in either instance from the posterior surface of 
the tibia below the tibialis posticus, the insertion in one case was 
into the hgamentum lanciniatum; in the other, into the posterior sur- 
face of the capsule of the ankle-joint. 

Accessorius ad caleaneum.—This muscular slip has an origin similar 
to that of the muscle last described. The imsertion in one specimen 
which I examined was into the posterior part of inner surface of 
calcaneum. 

Pronator pedis—One example of this muscle has been already 
published. I have not met with any other. 

Interosset pedis.—Of the varieties of the plantar set, I have noted the 
following :—Four present in one instance, the additional one arising 
from the outer side of the great toe, and inserted into the corresponding 
side of the base of its first phalanx ; the first plantar having an acces- 
sory head from the second metatarsal bone, and a perforating artery 
passing between the two heads; the outer plantar having an acces- 
sory head from the sheath of the canal for the peroneus longus. 

Of the dorsal set, I have found the fourth arising by a single head 
in one instance; the only other peculiarities I have seen were of size 
and extent of osseous attachment, of which a great variety exists. 

Abductor hallucis.—In three cases I have found a small tendinous 
slip going to the second toe, and attached to the inner side of the base 
of its first phalanx. The frequency of the presence of this additional 
band is nine per cent., according to Krause. I once saw a large slip 
go to the tendon of the flexor hallucis longus, with which it became 
intimately blended. 

Flexor digitorum brevis.—The tendon for little toe was absent three 
times in thirty cases, in which this muscle was specially examined. 
Krause makes the frequency of its absence as much as fifteen per 
cent., and I have myself seen it in many other cases without making 
special note of the proportional frequency. In one instance a kind of 
substitute was present, formed by a tendon coming independently 
from a fleshy bundle, which was segmented from the lower part of 
the flexor longus digitorum. 

Abductor minimi digiti—An accessory head of origin to this 
muscle from the base of the fifth metatarsal bone I have twice met 
with. The tendon of insertion may be completely separate from 
that of the flexor brevis minimi digiti: this I have found in a good 
many cases. A tendinous slip to the base of the fifth metatarsal bone 
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is present in about sixty per cent. of the subjects examined by me. 
W. Krause regards its occurrence as normal; the frequency of its 
absence, which varies from twenty-five to fifty per cent., beg greater 
in the female. When this accessory slip has a distinct origin from the 
caleaneum, it forms an— 

Abductor ossis metatarst minimi digiti.—This muscle I have found, 
distinct enough to merit a separate description, three times in forty 
eases. JI have also noted its occurrence in a good many other in- 
stances. 

Flecor digitorum accessorius; quadratus plante. Massa carnea 
Jacobi Sylwii.tn four cases I have noted fibres of insertion going to 
the tendon of the flexor hallucis longus. In two of these, fibres were 
also attached to the connecting slip given by the tendon of the flexor 
hallucis to that of the brevis digitorum. The origin I have, in several 
cases, found to reach to the upper surface of the os calcis, and once I 
found some fibres arising from the anterior surface of tendo Achillis. 

Lumbricales—The only noteworthy peculiarity of this muscle 
which I have met with are the variations in number, which are not 
infrequent. The first (internal) muscle is that which I oftenest 
missed. I have noted its absence six times, but without taking any 
account of the relative frequency of the occurrence. I do not remem- 
ber having observed absence of the third or fourth. 

Adductor pollicis.—A slip to the base of the first phalanx of great 
toe I have twice noticed. It came, in each case, from the inner por- 
tion of the muscle (caput obliquum), and was of considerable size. 
Professor Krause describes, as a normal arrangement, the adhesion of 
the transyersus pedis to this muscle, giving to the portion formed by 
the latter muscle the name of caput transversum. 

Opponens hallucis—A fleshy segment sometimes separates itself 
from the inner part of the adductor pollicis, and is inserted into the 
outer border of the os metatarsi hallucis. Some anatomists have 
erroneously regarded this slip as the homologue of the opponens 
hallucis. 

Transversus pedis ; transversalis pedis ; transversus (s. transversalis) 
_ planta ; adductor transversus halluecis ; abducteur transverse.—The 
attachment of this muscle to the heads of the third and fourth meta- 
tarsal bones I have frequently found absent (five times in thirty-four 
cases). The whole muscle was absent in another of the number, and 
I have noted three other instances of its deficiency. 
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LX XX VII.-—Report on A JouRNEY AMoNG THE New ZEALAND GLACIERS 
tn 1882. By Rev. W. 8. Green, M.A. (With Plate XVIIL.) 


[Read, June 26, 1882. ] 


Tue whole of New Zealand consists of a line of upheaved stratified 
rocks, modified in the northern portion by recent volcanic activity, and 
in one or two other places showing traces of more ancient vulcanicity. 
The axis of elevation runs from 8.W. to N. E., and is cut across into 
the North Island, South Island, and Stewart’s Island, by Cook’s and 
Foveaux’ Straits. In the South Island the mountains attain to their 
ereatest elevation, and for over one hundred miles the Southern Alps, 
as they were named by Captain Cook, raise their peaks far above the 
snow line, in no place for the whole of that distance descending to a 
col or pass free from eternal snow and ice. Immense glaciers fill the 
valleys, and the remains of still more gigantic glaciers are everywhere 
to be met with. 

This chain, with its continuation north and south, seems to have 
been upheaved in Jurassic times, and though it has experienced many 
vicissitudes of upheaval and depression it has never since, according to 
Professor Hutton, been submerged. These mountains are then of vastly 
greater antiquity than their European rivals, and their long exposure 
to the frosts and storms of ages is abundantly evidenced by the heaps 
of loose splintered stones to which all except the higher peaks have 
been reduced. 

The mountains lie close to the west coast; their western flanks 
possess a humid climate (the rain-fall at Hokitika being measured at 
118 inches), and are clothed with forest and impenetrable scrub. 
The western glaciers in some places descend to within 670 feet of 
the sea, and the rivers are short and swift. This low descent of 
the glaciers and the mean line of perpetual snow being at about 
5000 feet compared with 8000 in Switzerland, where also no glacier 
descends to within 4000 feet of the sea, is particularly instructive, 
when we consider that these Southern Alps are at about the same 
distance from the Equator as the Pyrenees and the city of Florence. 
To the east of the mountains the land drops suddenly to a level 
of about 2000 feet above the sea, and then by gentle slopes and 
immense flat bare plains sinks gradually to the coast. The con- 
tinuity of the plains is broken by ridges of low rounded hills, which 
on close examination often prove to be old moraine accumulations; 
while many of the plains are the basins of ancient lakes, the old 
shores being very sharply defined. In the southern and northern 
portions of the South Island the arrangement of mountains and plains 
is considerably modified by the splitting up and bifurcation of the 
main axis of elevation, but flat plains extending to the very foot of 
the highest peaks of the main chain are most characteristic of New 
Zealand, and totally unlike other mountainous countries, where ranges 
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of foot-hills have to be ascended and upland valleys traversed before 
the higher ranges can be reached. In the province of Canterbury, 
where the mountains attain their greatest height in Mount Cook or 
Ao-Rangi, as it is called in the Maori tongue, these features are most 
distinctly observable, the Canterbury plains followed by the Mac- 
kenzie plains extending up to the very ice, and so flat that Dr. Haast 
said he would undertake to drive a buggy the whole way from Christ- 
church to the foot of the Tasman glaciers. , We tried it with an 
express waggon and three horses, and nearly accomplished it. The 
country was level enough, but the boulders as we drew near to the 
glaciers proved a little too much for a wheeled vehicle, and our waggon 
ended its days by being capsized in the Tasman river. 

These New Zealand rivers have been a source of much difficulty 
to colonial development. They are so swift and erratic in their courses 
that fords are dangerous and bridges difficult to construct. Once the 
rivers leave the mountains there is nothing to keep them to one chan- 
nel, as the plains, being composed of loose boulders and sand, are easily 
eaten away by the swift streams swelled in summer by the melting of 
the snow. A river bed is therefore a broad sheet of gravel through 
which a number of small streams wander and change day by day— 
what was a main channel one day being quite a secondary stream in 
the lapse of a week or so. Much time was often spent in crossing one 
river with the delays of searching for fords; but now that railways 
run north and south the problem has been solved on the most important 
route by bridges, some nearly a mile in length. In the province of 
Otago rich woods extend right across the island to the east coast, 
giving place in many districts, however, to immense plains covered 
with tussock grass and spaniard or sword grass, except where the 
farmer has come and adorned the landscape with waving fields of 
wheat. Farther north the great snowy chain seems to form a com- 
plete barrier to the moisture and vegetation of the west: the plains, 
hills, and valleys are all bare, as if shaven, and of the one uniform 
brownish-yellow hue. Clumps of flax (Phormiwm tenax) and isolated 
cabbage trees (Cordyline australis) make the desolation appear more 
desolate. The rain-fall is but 25 inches. The air is clear, bright, 
and exhilarating, and when we do penetrate into the furthest recesses 
of the mountains, to the very brink of the glaciers, we at last come to 
a rank vegetation brought ito existence by the rains condensed by 
the cold ice peaks. Acclimatization has produced wonderful results 
in New Zealand. On the great grassy plains, where the moa once 
stalked majestically, the skylark is now the commonest of birds, the 
sparrow threatens to become a plague, as the rabbit has done, and 
English weeds seem determined to establish themselves and attain to 
a fertility unexampled at home. Clouds of thistle-down fill the air, 
and sorrel usurps the ground prepared for oats and wheat. Amongst 
other interesting points brought out by this invasion of the vegetable 
kingdom, one at least is worthy of special notice—the failure of red 
clover, while white clover thrives amazingly. In the neighbouring 
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island of Tasmania red clover grows well, and it is now believed that 
till the humble bee is introduced to fertilize the flowers red clover 
will not propagate itself in New Zealand. 

On the 12th of last November I sailed from Plymouth for Mel- 
bourne in the Orient steamer ‘‘ Garonne,’ having arranged with 
Ulrich Kaufmann and Emil Boss, both of Grindelwald, to follow 
me in the next ship. Unfortunately smallpox broke out in my ship, 
and between a delay at the Cape and quarantine at Melbourne I 
was not able to reach New Zealand and join my men till February 
5th. Immediately on landing I received a kind telegram from Dr. 
Hector, and a letter from the Minister for Railways enclosing free 
passes on the New Zealand railways for myself and guides during our 
stay in the Colony. I lost no time in reaching Christchurch, where 
I spent an afternoon in Dr. Haast’s company, he being the great 
authority on the topography of the Southern Alps; and next morning 
we started in the train for the south. On arriving at Timaru we had 
a delay of three hours before the train left by a branch line for Albury, 
and we occupied the time in purchasing provisions for our mountain 
journey. As we were assured that we could get sheep right up to 
the snows of Mount Cook, we took with us but a small supply of 
meat in tins. Flour, meal, bread, and biscuits, formed the bulk of 
our stores. 

On reaching Albury by rail we hired a waggon and horses, and on 
the evening of the next day we got our first view of the great snowy 
range. The contrast between the brown, flattened downs over which 
we drove and the purple, ice-seamed peaks was most striking. Next 
morning we were up betimes, as we did not know how long our jour- 
ney might be, and our driver was unacquainted with the country 
beyond this point. Our road soon lost itself in the rolling downs, so 
we walked on in advance pioneering the way, and thus before midday 
we reached the last swell overlooking the Tasman river. We had 
now to descend about 200 feet, and again came upon the track leading 
up the river bed. This river bed of the Tasman, over two miles wide, 
is a broad sheet of coarse gravel, through which the river meanders 
in countless channels, between which are often dangerous quicksands. 
We drove along over marshy flats, on which numerous seagulls had 
their nests (one of the young seagulls we afterwards met high up 
on the glacier, winging its flight over the snowy range to the west 
coast), then across river channels, and then over wide tracts of gravel. 
Right before us, rising abruptly from the river bed, in the point where 
the valley forked, was the great mass of Mount Cook, its icy peak glit- 
tering like a pinnacle of frosted silver against the deep blue sky. On 
either side the mountains rose from the flat valley with the same 
abruptness, and the terminal face of the Hooker and Tasman glaciers 
closed in the end of the two branches into which the valley divided to 
the right and left of Mount Cook. This flat river bed, with the moun- 
tains rising from it abruptly, and from margins as sharply defined as 
the shores of a lake, is so typical of all the mountain valleys we 
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saw, that we may ask, What is the cause of a feature so distinctive ? 
I believe the low level to which the glaciers descend, and the con- 
sequent short incline of the rivers, is a sufficient cause. The terminal 
face of the Tasman glacier is, according to Dr. Haast, only 2456 feet 
above the sea; while the mean of four observations, taken in as many 
days by myself, makes it 100 feet lower; and its river descends to the 
sea level by a fairly uniform incline of about 25 feet to the mile. If 
the river had a greater depth to descend before reaching the level 
country or sea level, it would erode a deep ravine-shaped bed, like 
those so common in the European Alps. High up on the mountain 
slopes, on the side of the valley opposite to where we travelled, were 
the most remarkable series of terrace formations I ever saw, their 
level being quite 500 or 600 feet above the present river, and their 
edges sharply defined. Dr. Haast considers that they form part of the 
margin of an ancient lake, which was dammed up by a glacier cross- 
ing the valley lower down during the last great glacier period. 

Accepting, in part, this interpretation of the phenomena, several 
interesting questions follow, which we shall try to answer: What river 
or rivers fed this lake? Was it the Tasman? The present source of 
the Tasman being about 200 feet lower than the terraces, would be 
below the level of the ancient lake, so that it could not have been 
the feeder, unless the lake existed in an inter-glacier period, when the 
climate was milder, the ice-cap smaller than at present, and the source 
of the Tasman higher up the valley. Supposing it was not filled by 
the Tasman river, it seems to follow that, at the time of the existence 
of the lake, the great trunk glacier formed by the junction of the Hooker 
and Tasman glaciers must have filled up the centre of the valley, and 
extending far away down beyond the terraces, formed the dam which 
banked up the drainage of the hills above the terraces, and thus formed 
a lake similar to the Merjelen-see in Switzerland. At the same time 
the main drainage of the great glacier passed along at a lower level, 
and issued from its ice cave miles lower down, as the stream of the 
great Aletsch does at the present day. 

That the Tasman glacier has been down the present valley at 
almost its present level, past the foot of the slopes on which the 
terraces occur, is proved by the existence of several little mounds of 
old terminal moraine which the river has failed to remove; and until 
the structure of these terraces is more closely examined it is quite pos- 
sible to suppose that they may have been formed by the direct action 
of the glacier banking up the debris that fell from the mountain sides. 

The heat as we journeyed up the river bed was intense; dark 
masses of rain-clouds blocked up the Hooker valley, while the Tasman 
remained clear, except for a passing shower. Along the course of the 
river small whirlwinds followed each other at regular intervals, making 
themselves visible by the cloud of fine sand which they whirled up- 
wards to a height of from 50 to 100 feet. 

At three p.m., on February 12th, we commenced to ford the 
Tasman, and at 6°30 we reached its further shore. Halting for the 
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night at Birch Hill sheep station, we started early next morning, 
and were camped at the foot of the Tasman glacier by mid-day. 

Early on the 15th we started from the camp, taking with us some 
slight poles for observations on the motion of the glaciers, my photogra- 
phic apparatus, our ice axes, and provisions for the day. Crossing a rude 
bridge which we had constructed, an hour’s smart walking over grass- 
covered flats brought us to the terminal moraine, which rises up here in 
grassy knolls to a height of 200 feet, and, assuming a more recent appear- 
ance to the eastward, extends right across the valley, a distance of about 
two miles ina straight line. Nowhere is ice visible except near the far- 
ther shore where the river breaks forth. The truncated form of this ter- 
mination of the glacier shows, I think, that it cannot be retreating very 
rapidly, if it is retreating at all, asthe absence of any heaps of terminal 
moraine on the flat plains near to its face proves that the river outlet 
must have changed many times along the present terminal face to have 
so completely swept the valley of all outliers, except one small heap 
which has been protected by boulders of unusual dimensions. It 
may be stationary, but from consideration of the appearance of the 
terminal face, and from observations on the relations of the present 
lateral moraine to more ancient ones, to which I shall allude further 
on, I would conclude that the glacier is at present advancing; or if 
it is not doing so at the present moment, it has done so since its last 
retreat, as there is good evidence to prove that at a period not very 
remote the glacier was smaller than it now is. 

We ascended the outer line of grass-covered moraine, and passing 
a little blue lake lying in a deep hollow, in which we discovered nu- 
merous small fish about four inches long, we ascended heaps of newer 
moraine composed of immense, loose, angular boulders, and finding our 
progress over it most fatiguing and slow, we turned off to the left in 
hopes that the lateral moraine might prove more practicable; but find- 
ing it just as bad, and no level ice beimg in sight, we descended to the 
hollow between the lateral moraine and the mountain side. Here we 
were entangled in almost impenetrable scrub composed of wild Ivish- 
man (Discaria toumatoo) and sword-grass (Aciphylla colensov), which 
cut us cruelly. Occasionally we got a more open bit for a change, 
but nowhere could we feel ourselves safe from the chance of a broken 
leg or sprained ankle. After five hours of this sort of thing we again 
surmounted the lateral moraine, and, striking right across the glacier, 
in one hour reached the white ice. The cool air off the ice was most 
refreshing after toiling over the heated boulders under bright sunshine 
and sheltered from any wind, so we walked briskly ahead until two 
o’clock, when we reached a point from which we had a splendid view 
of the great cliffs of Mount Cook, and the grand amphitheatre of peaks 
which swept round from left to right. This view I consider quite 
equal, if not superior, to anything in Switzerland, and the glacier 
beneath our feet had an area half as great again as that of the Great 
Aletsch, the largest glacier of the European Alps. Tributary glaciers 
poured in with graceful curves from the mountain sides, and long lines 
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of moraine from thirty distinct ice-streams, which were in sight from 
this point, brought their tale of boulders to add to the great rampart 
which had given us such trouble to surmount. We scanned the great 
ice ridges of Mount Cook with anxious eyes; allits approaches seemed 
most difficult; the only point which was quite clear was, that our 
present camp would not do, and that in spite of the roughness of the 
road we must shift it up to where we now were. As it was getting 
well on for three p.m. we decided we could at present go no further, so, 
selecting a mark on the hill-sides, I set up a row of stakes across the 
glacier, and, having secured a photograph, we started back for camp, 
which we reached at eight p.m. On our way we deposited our ice 
axes, the stand of my camera, and some photographic plates, beneath 
a boulder, so as to have the less to carry on our next journey up 
the glacier. 

At our lower camp the heat during the day was very great, the 
temperature being often 82° in the shade; the air was clear, with the 
barometer ranging from 27°30 to 27-40.; a brisk breeze occasionally 
blowing in sudden strong squalls from the south-west or north-west 
prevailed in the valley, while on the mountain ridges a steady fierce 
wind seemed to blow continuously from the west. The wood-hens or 
wekas (Ocydromus australis) were a source of constant amusement: 
they seemed to know no fear, and would come pecking and examining 
every article in our camp, and were always ready to bolt off with 
any small object left on the ground. ‘They cared little for the stones 
we threw at them, and all night they kept up a constant whistling, 
accompanied by a kind of grunting noise. On the stream hard by 
we had an inexhaustible supply of blue ducks (Hymenolaimus malaco- 
rhynchus); there were never many to be seen at a time; but when we 
shot three or four on one day, a couple of brace more would occupy the 
same part of the stream next morning. They were not wild, so in 
order to save cartridges we generally pelted stones at the birds 
to get them together, and then tumbled two or three in the one 
shot. 

Far more wild, though quite as numerous, were the Paradise 
ducks (Casarca variegata). These were splendid birds, in habits, mode 
of flight, and note, resembling geese rather than ducks; and the male, 
with his white head, kept such a good look-out, that various strata- 
gems had to be adopted ere we secured one for the pot. 

There were a few mosquitoes and sandflies, but the large blow-fly 
was the greatest source of annoyance. A coat or a blanket could 
never be laid on the ground for half an hour with impunity ; even my 
mackintosh was considered a good receptacle for their eges; but we 
kept them from our cold mutton and ducks with a few yards of 
mosquito net; and, after all, having your coat full of maggots does 
you no harm, so long as they do not, like the larve of moths, feed on 
the material. 

We were astir at the dawn of February 17th, and, as soon as 
we had our packs ready, and the tents secured against all wekas and 
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other possible invaders during our absence, we started for the glacier. 
On reaching a pack which I had sent on to the foot of the moraine, 
we rearranged our loads, Kaufmann and Boss dividing all they had to 
carry into four loads, while my ‘‘swag”’ was quite as much as I could 
manage over the rough ground. My men adopted the plan of carrying 
each one load for an hour or so, and then, setting it down, scrambling 
back again for the others, thus making the whole journey twice. In 
this manner we arrived at the camping-ground we had chosen, near 
the shore of a littie blue lake, where the whole drainage of the valley 
that forced its way beneath the boulders bubbled forth to the surface. 
The lake was embosomed in dense scrub, which here clothed the high 
moraine and the mountain sides. This scrub was composed of dwarf 
pines; birch, or more correctly beech (Magus); veronicas, sixty species 
of which are indigenous to New Zealand, and shrubs of podocarpus, 
coprosma, dracophyllum, &c., and as we came along we could not 
resist eating the sweet red berries of Podocarpus nivalis, though at the 
time we did not know what ill effects might ensue. Of smaller 
plants, the fine white Ranunculus lyallii was everywhere abundant ; 
it goes by the name of Mount Cook lly among the colonists, and we 
found its large sticculent leaves most useful in our hats as a protection 
against the fierce rays of the mid-day sun. A little white violet 
became common from this camp upwards, and ferns nestled under the 
shade of every damp rock. 

Keas, or Mount Cook parrots (Nestor notabilis), now made their 
appearance, and came screaming close to the tent. Kaufmann shot a 
couple, and soon had them picked, and in the soup-kettle, while Boss 
added a brace of ducks to our larder. Parrot soup proved so good, 
that from this day forward we were never without some in the kettle. 
Since sheep were introduced into New Zealand these parrots have 
acquired a taste for kidney fat, and perching on the poor unresisting 
animals, eat through their flesh, in order to obtain this delicacy. 
Further up the glacier these birds were so tame, that I knocked 
one on the head with a stick which I had in my hand. In the crops 
of about a dozen specimens of the kea which I examined, I found 
nothing but the green pips of the berries of Podocarpus nivalis, and 
the birds seemed confined to the zone where these berries were ripe. 

Asnight closed in heavy drops of rain fell, and soon it began to blow 
a gale; but, ensconced in our felt sleeping-bags, we at first defied the 
elements, and slept well. After midnight, however, the weather became 
so terrible that sleep was impossible. The tent could not have been blown 
away, as it was made on Mr. Whymper’s plan, the sides and floor being 
all in one; but I felt sure it must soon split; it fluttered and banged, 
and the torrents of rain never ceased lashing its sides. Thunder crashed 
round the mountain peaks, and when morning came there wasnoimprove- 
ment. So far the tent resisted the rain, but now Kaufmann’s sleeping 
bag was getting wet from soaking the damp through the tent wall, 
then a pool formed in our opossum rug, and it was no longer possible 
to keep dry. There was no chance of lighting a fire, so we sat in the 
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tent shivering till mid-day, and at three o’clock, seeing that it pro- 
mised for a similar night, and all our things were wet, we determined 
to secure the tent and provisions as best we could, and retreat to our 
lower camp. The wet scrub drenched us as we pushed our way 
through it, but on reaching our camp we were soon into dry clothes. 
The weather cleared for an hour or so about sunset, allowing us to 
get our supper in comfort; but as it began to blow and rain as night 
came on, we made ourselves snug in our hammocks, and slept, in 
spite of the banging of the tent walls and beating of the rain. Next 
day was stormy, wet, and cold, the highest temperature being only 
42°. After our mid-day meal we set off in our waterproofs to try 
and reach the Hooker glacier; but finding we should have to mount 
the steep slopes of the spur of Mount Cook through dripping ferns, we 
relinquished the attempt, and amused ourselves by running after and 
catching some young wekas. The old birds came from all points to 
remonstrate, and forming a wide circle, squealed and grunted forth 
their indignation, and as we returned their young ones unharmed, 
they were, I am sure, quite satisfied that their interference had a 
most important influence over our actions. It cleared a little about 
sunset, showing the mountains glistening with fresh-fallen snow, and 
then settled in again for a bad night, the wind still blowing a gale 
from the north-west. At midnight we were aroused by the most 
awful torrents of rain; there seemed to be no wind with it, and in 
the morning, when we awoke in bright sunshine, and looked out of 
the tent, we found the whole landscape, down almost to the foot of 
the glacier and surrounding hills, covered with a robe of freshly- 
fallen snow. These lower hills are of course covered with snow in 
winter, but it seldom les on the flat valley for more than twenty-four 
hours at atime. We were much surprised at learning this from the 
shepherds, as for a long distance the valley may be considered to be 
at the same level as the termination of the glacier, and land in such 
proximity in Switzerland would be covered all through the winter 
with many feet of snow. The wind was now from the south, the sky 
blue, and as the snow was rapidly melting, I determined to start by 
myself for the camp at the Blue Lake, spread out the things to dry, 
and leave the men to follow when they had our lower camp dried and 
secure. It rained a little again at night, but next day was fine 
enough to continue our journey, which we did as usual, my men 
going over all the ground twice, and while they went back the 
last stage I pitched the tent, and cut twigs for our bedding, coprosma 
and veronica scrub being stillin abundance. I shall not go into all the 
details of our troublesome journey ; suffice it to say, that our fourth 
camp was pitched on the moraine abreast of the stakes I had erected 
on the glacier. On visiting them, however, I found them all lying 
prostrate, and blown to some distance from the holes in which they 
had stood. ‘The sunshine and storms of the past seven days had 
so altered the surtace of the glacier, that we had some little difficulty 
in finding the holes we had made. When we set the sticks up again, 
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and I ran my eye along them to the mountain side, I found that they 
were still in an almost perfect right line, showing that in that time no 
motion of any importance had taken place. This was, however, what 
might have been expected, owing to the flatness of the lower portion 
of the glacier, the incline being about 100 feet to the mile. 

We returned to camp over piles of angular rocks alternating with 
gravel heaps, coming now and then upon a yawning chasm with sides 
of dirty ice and enclosing deep blue pools of ice water. The new 
moraine near the margin of the glacier overtopped a rampart of 
ancient moraine, showing that the glacier at a period not very remote 
- was smaller than it is at present. Not only there, but at various other 
parts of our route, I made similar observations. The old moraine was 
consolidated by the disintegration of the rocks composing it, and 
afforded soil for numerous tufts of sword-grass and other smaller 
plants. Here for the first time we found the New Zealand Edelweis 
(Gnaphalium grandiceps), and my men seemed to take fresh heart after 
all their fagging work when we had our hat-bands adorned with the 
familiar little felt-like flowers. After a good night’s rest on a bed of 
Veronica hectort, we continued our ‘‘swagging,”’ and on the next after- 
noon, February 23rd, we reached our fifth and final camp. 

We were now 3750 feet above the sea, having gained by a week’s 
labour only 1450 feet of actual elevation, and Mount Cook still towered 
nearly 9000 feet above us. Our advance was here checked by the ice 
of the much-broken Ball glacier coming down from our left, and though 
we carried our ‘“‘swags”’ on to its surface in hopes of camping farther 
up, the absence of scrub on the farther spurs of sufficient size to promise 
a supply of fire-wood made us retrace our steps and pitch our tent on 
a gravel flat, close to the mountain side in the angle formed by the 
Mount Cook and Tasman glaciers. Here a glacier stream provided us 
with water, and the vicinity of our camp was strewn with dead wood 
brought down by landslips and avalanches from the steep slopes above. 
While looking for a suitable nook for our tent, Boss came upon a little 
square patch of dwarf gnarled coprosma exactly the square of our tent: 
it grew by itself on the gravel in a snug corner, and seemed as if pre- 
pared so specially for our use that we did not wish to decline the hos- 
pitality of nature, so filing up the centre of the square with some cut 
bushes, we pitched our tent on it. Never was a bed more comfortable; 
its spring was perfect. We never sank to within less than five or six 
inches of the ground, and so long as the wekas contented themselves 
with squeaking and grunting, and not pecking upwards, we did not 
wish to deny them the comfortable lodging beneath us which they 
seemed to appreciate. 

From this camp we made a long day’s excursion up the main 
glacier, and completed our reconnaissance of the ridges of Mount 
Cook; and from a point on the medial moraine I took a circle of 
angles with a view to making my map, and secured a couple of nega- 
tives of the Hochstetter ice fall; but the hight was so brilliant, there 
not being a cloud in the sky, that over exposure of my plates was 
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almost unavoidable. On this day we spent some time sounding cre- 
vasses. Into one moulin I lowered a stone with 320 feet of cord, but 
as the cord was found to have tangled, the observation could not be 
relied on. We then timed the fall of large stones, and on several occa- 
sions measured 5” by my watch before the first crash was heard, giving 
a depth of 300 feet, and then as a series of bangs followed for as long 
again, these crevasses must at the lowest computation be 500 feet deep. 

The glacier (Plate X VIII.) close to our camp, which I have named 
the Ball glacier, after John Ball, who may be looked upon as one of the 
fathers of Alpine exploration, had some points of special interest. Flow- 
ing from the 8.W., it met the current of the main glacier coming from 
the north, and failing to stem it, was pushed aside down the valley, its 
lower portion thus making an acute angle with its former course. As 
our tent was in the angle, I had abundant opportunity for watching its 
great slopes of ice which stood up high above the moraine, and by ob- 
servation I found the ice moved past at the rate of one foot per day. 
At one point the pressure had been sufficient to push down the moraine 
as a great wall might have been tumbled over, while immediately in 
front of our camp the glacier was building up the rampart by a con- 
stant dropping of angular stones. Even in the stillness of night these 
sounds evidence its icy life, and one night we heard a bang as of a 
cannon shot when some new crevasses sprang into existence. 

The blocks of the moraine were all either sandstones or slates of the 
newer paleozoic formation, of which Mount Cook and all this range is 
compoged, with occasional fragments of quartz, in which we kept a 
bright look out for gold and blocks of a kind of volcanic breccia, which, 
according to Professor V. Ball, who kindly examined a piece which I 
brought home, consists of fragments of pyroxene and felspar, the latter 
being much decomposed, and some free silica. 

Our first attempt to scale Mount Cook by the southern aréte was 
foiled by meeting a series of crags of the above-named slates, which 
owing to their rotten condition we could not climb. Our second attack 
ended in the face of a great sandstone cliff of the eastern spur. Our 
third and successful attempt was made for the greater part by snow 
and ice, and of the ascent I shall now give a few details. Immediately 
to the north of Mount Cook, Mount Tasman raises its glacier-clad peak, 
and from the basin between these two mountains descends, in a grand 
ice-fall, the Hochstetter glacier. This glacier forms one of the most 
splendid sights in the Southern Alps. Its chaos of seracs tinted with 
every icy hue, from beryl blue to silvery white, is of course quite 
inaccessible, as every moment the ice blocks topple over with loud 
boomings and crashes, and descend from level to level in clouds of ice 
dust. No speck of moraine pollutes its surface though a medial moraine 
appeared lower down, showing that the ice-fall is really a junction of 
two glaciers. To reach the basin or plateau above the Hochstetter 
ice-fall was now our object, so on the 1st of March we started at day- 
break, with rugs for a bivouac and provisions for three days, ané after 
crossing the Mount Cook glacier, and the Hochstetter glacier below 
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its ice-fall, we climbed the steep rocks of the spur from Mount Tasman, 
and after ten hours’ work settled ourselves for the night on some stones 
beneath a large boulder about 3000 feet above the Tasman glacier. 

Starting from our bivouac at six a.m., we reached the plateau 
above the Hochstetter glacier, and then by a glacier coming down 
between the northern aréte and the aréte connecting Mount Cook 
with Mount Tasman, which I have called the Linda glacier, we 
gained the last steep ice slopes of the peak, and after about five 
hours’ step-cutting stood on the highest ridge at 6:20 p.m. The 
wind was N.W., the ice thawing rapidly; temperature about 40°. As 
my thermometer was broken I could not take the exact temperature; 
it may therefore have been even higher than 40°; it could not have 
been much lower. My aneroid read 19°35 inches, which, with cor- 
rection to bring it into comparison with the standard instrument in 
the post office at Timaru, would be 19:05, and by comparison with the 
sea-level readings, furnished to me for that day by Dr. Hector, Super- 
intendent of the Meteorological department, New Zealand, our eleva- 
tion above the sea level would appear to have been between 12,800 
and 12,500 feet, according as the possible corrections are adopted. 

The mountain has been measured trigonometrically from twenty- 
two stations by Mr. G. J. Roberts of the Westland Survey Department, 
and his result of 12,349 feet is no doubt the true elevation. Though 
a heavy gale was driving dark masses of rain-clouds in eddies round 
the ice cornice on which we stood, we could see quite enough to 
satisfy ourselves that we were on the ice cap of the highest peak. 
We could not see the distant view; but there is no other pinnacle of 
the mountain that can enter into competition with the peak we 
climbed. A peak that seems almost as high, when looked at from the 
Tasman valley, only owes its chance of comparison to its being nearer 
the spectator. One peak alone with its little cap of ice presents itself 
as the Hochste Spitze, from any point of view from which a true esti- 
mate of the mountain can be formed. In the hour of daylight that 
remained we descended about 2000 feet; it then became quite dark, 
and as heavy showers of rain and sleet beat upon us I called a halt. 
Spending the nine hours of darkness standing on a ledge of rock, we 
resumed our descent next morning, reaching the Tasman glacier at six, 
and our camp at 7°30 p.m. 

The vegetation in these high alpine regions was most interesting: ve- 
ronicas of various species were of the larger plants the most numerous; 
the Veronica macrantha with its large white flowers was especially beau- 
tiful, and quite takes the place of the little rhododendron of Switzer- 
land. Above the mean snow line, which is about 3000 feet lower 
than a similar line in the European Alps, numerous alpine plants and 
a few dwarfed stragglers from lower regions, flourished in suitable 
situations. Of these alpine plants I made a collection, noting the 
highest point at which I observed them growing. Mr. Armstrong, of 
the Botanical Gardens, Christchurch, kindly named most of these for 
me; the few he was doubtful about I have since shown to Sir Joseph 
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Hooker, and one of these being a new species of the genus Haastia, 
he has paid me the compliment of calling by my name. Speaking of 
it, he says: “This last is a beautiful thing, of which I hope that 
flowers may be found by future climbers.” It grew in white velvet- 
like bosses on the rocks facing the north, the barometer being at 
23°90 when I gathered it on the southern spur, giving an elevation 
on that day of 6500 feet. Above this there was no sign of vegetation, 
except a little lichen, which extended to the very top stone of 
Mount Cook. What struck me most about all this vegetation was that, 
with the exception of a yellow ranunculus and a little violet tinge in 
the flowers of veronica, all the flowers were white. The pink of the 
primula and the blue of the gentian, so familiar to my eyes, were 
altogether absent. My companions and I had worked so harmoniously 
together, that we did not break up our alpine camp without many 
pangs of regret, that our days among the glorious scenery of the 
Southern Alps had come to a close. Once more we had to return to 
the haunts of men, and I cannot conclude this Paper without ex- 
pressing our appreciation of the boundless hospitality with which we 
were everywhere received by the hospitable people of New Zealand. 


Some Alpine Plants of New Zealand, Mount Cook District, collected in 
February and March, 1882. 


Elevation, in 


NAME OF PLrAantT, AND AUTHORITY. feet, of Station. 
Ranunculus sericophyllus (Armstrong), - : - 6400 
Ligusticum aromaticum (Hooker, fil.),  . : : 6400 
Hectorella cespitosa (Hooker, fil.), : ; : 6400 
Raoulia grandiflora (Hooker, fil. and Armstrong), . | 6400 
Haastia greenii (Hooker, fil.), : : , | 6500 | 
Gnaphalium grandiceps (Armstrong), —. : : 3—5000 | 
Gnaphaliun bellidioides (Armstrong), s é 3—4000 


| Helophyliwn colensoi (Hooker, fil.), : . 5 | — | 

| Dracophyllum rosmarinifolium (dwarf) (Armstrong), | = 
Coprosma pumila (dwarf) (Armstrong), .- : . 6400 | 
Euphrasia (?) t : : : 5 . ; = | 
Aelmersia sessifiora, : ; ; : 5 ; 6400 
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LXXXVIII.—Comevration or Tipes—Resvtts or THEoRY AnD Os- 
SERVATION. By James Pearson, M.A., Ex-Scholar (15th Wrangler) 
of Trinity College, Cambridge; Vicar of Fleetwood. (With Plate 
XIX.) 


[Read, November 13, 1882. } 


Tue subject of Tides, upon which, from time to time, I have had the 
honour of addressing the Royal Irish Academy, is one of which the 
importance can hardly be overrated, whether we regard it in its con- 
nexion with physical science or in its reference to practical naviga- 
tion. A ship, on arriving at her port of destination, requires a safe 
access and convenient place of discharge, and these cannot be secured 
unless it is ascertained that a sufficient depth of water will be found 
to keep her afloat, and that a suitable time has been fixed upon for 
her entrance into the tidal harbour. Hence the exigencies of the case 
demand strict attention be paid to the amount of rise and fall of tide. 
A rough guess is not sufficient ; an error of a few inches may cause the 
vessel to take the ground, and so to be left high and dry twice in 
twenty-four hours; and this for several days, in fact until the return 
of spring tides supplies water enough for her draught. Now this has 
a double inconvenience and loss. There is the expense of delay in her 
discharge, which is often very considerable—wages incurred without 
work, and time idly squandered. If an attempt is made to lighten her 
by removing some of her cargo, it may be unsuccessful, and involves 
expenditure. More than this, the grounding of a ship of magnitude 
and in full load is most injurious. A severe strain takes place from the 
effects of which she can hardly ever be recovered ; and if the ground 
be very hard and uneven, she may ‘‘ break her back.’’ Now these 
are not exaggerated dangers; and therefore whatever can be done to 
prevent their occurrence is a real boon to mercantile interests. 
Impressed with these considerations, and having all the theoretical 
information on the subject which a knowledge of mathematics could 
supply, combined with an ardent love of what I may call ‘an “ unfre- 
quented study,”’ with the singular advantage of having my home within 
two hundred yards of a self-registering tide-guage, I have for the last 
twelve years practically applied myself, not only to the main problem, 
but also to the discrepancies involved in consequence of atmospheric 
disturbances, and evidence is now forthcoming to show that the success 
has been very remarkable. Self-praise is no recommendation, but 
those who have used the Admiralty Tide Tables for Liverpool during 
the last five years, have been prompt to testify to the improvement 
which has taken place in their predictions of the height of tides. The 
calculations now are based on a modification of Bernouilli’s, or the 
Equilibrium Theory ; and the figures employed were, in the first in- 
stance, taken from Sir John W. Lubbock’s ‘‘ Elementary Treatise on 
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the Tides.” But ‘the principle of the method is one which never 
occurred to either of these philosophers, nor, if known at all, has it 
been published by anyone else. The principle involved is this: that 
the configuration of land and water on the surface of the globe brings 
it to pass that the direction of the moon’s motion in respect to the 
equator makes a very great difference in the magnitude of the tide- 
wave which reaches our shores. For when the moon advances from 
south to north declination, crossing the equator, as she sometimes does, 
at an angle of 28 degrees, it is seen that her line of motion approxi- 
mately coincides with the general trend of the Atlantic Ocean, at the 
time when the earth’s rotation brings that part of the globe directly 
beneath her, and this causes a further development of the tide-wave 
in the direction of Europe and North America; whereas, when the 
moon declines from north declination to south, her course is diagonal 
to the former one, crossing the Atlantic, roughly speaking, in the 
direction of its breadth, whilst in the other case she crossed in the 
direction of its /ength. The like phenomena take place in connexion 
with the obverse action of the moon on the opposite side of the globe, 
when that is the agency considered. The same remarks also apply 
in regard to the action of the sun, only this action is much more 
gradual and constant. Following out the principles thus briefly 
enumerated, a patient attention to the actual phenomena for twelve 
years has enabled me to draw up tables of computation which include 
every possible cause which can effect or interfere with the working of 
the tides. 

Other principles of computation, however, have found favour with 
the Tidal Committee of the British Association, for the details of which 
the Annual Reports must be consulted. In the ‘‘ Harmonic Analysis 
of the Tides,” as it is called, the various changes of level to which the 
sea is subject, moment by moment, in consequence of the tide-generat- 
ing forces, are ascertained by the enumeration of a series of Harmonic 
Functions, each of which involves the time for which the computation 
is made, certain quantities depending on the angular velocity of the 
earth’s rotation, the rates of relative orbital motion of the moon and 
sun, and certain constants. The relative merits of these rival theories 
(for such they are, though to a certain extent based on common funda- 
mental physical laws) can only be tested by comparison with observa- 
tion, and for this purpose no place is more eligible than Liverpool, 
where the equinoctial tides sometimes range as far as thirty-one feet 
from low-water. I am not aware, however, that this has been done. 

Meantime, I desire to send to the Academy a sort of challenge-list 
of comparisons, taken for a semi-lunation in the month of June, 1882. 
The atmospheric conditions during this period were exceedingly con- 
stant, and so they very slightly affect the results. J am now engaged 
in forming a Table, the arguments of which are the direction and force 
of the wind on the one hand, and the height of the barometer on the 
other. By the aid of this, predictions may be made with much 
accuracy in unsettled weather. 
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Comparison of Tides from June 17 to June 29, 1882, at Fleetwood, and 
confirmed by Registers at Liverpool. 


i | 
Date. Calculation.|Observation. Error. | Barometer. 


Wind, &c. 
| , BAG 6 
j 1882. ft. in. | ft. in. in. in. | 
| June 17. 26° O00 | 25°07) | =") | 2929.) 1) ° WES UIWESishohas 
| | 
Hess 1S) POG i] 26 boast ly!) 829-6. (ie, Wee fresh. 
PYF bed alr DI Soe ight No eS N-N. Wa 
ey DAO Ie sak) |e a8 a 29°8. * iM 
24 11 24 10 a4 29-9 : * 
| 
saa As 5 3 25 2 - ; 3 calm, 
ee Sk10 23 11 ae i a 
i 
lees. 12s 2 | 244 | +2 | 29-8. | W.S.W. slight. 
i 22 10 23 2 aye: 2? ” +B) 
2) >? 
{4 23003 93 4 Ail 29°7 
DA} GD +5 : INE; calm 
W-SSWes aS 
eee} 95 il 2a 0 : 
2 1 6 +4 i calm. 
| | 
? 
Dan pt a oe Morea aT 29-9 | 
90 4 20 9 +6 29-8 S., fresh, bar. falling 
Ban 20M Toles 20M sed wl aecOG <Q. tl nae eee 
20 1 204 | +3 30:0-5.4 (eens 
| | 
is; 26 20 6 OOS) eee i calm 
20 10 2000" |. 3 0 es de As 
wy OAS A) ee She) | | eA eo) —1 30°1. N.N.W.., slight. 
OT al 99" 40 +1 a 5 » 
ve 428: DIS 2S, 0 30°2. Secs calm. 
2303 23 2 il N= 0 
ay AD 7S see Pea: —2 a bar. rising. ,, 
2A10 ignnos 8 =D Be = 3 
| | | 


But, in order to submit the newly-devised method to a still more 
severe and crucial test, it is necessary to examine what may be called 
correlative tides, i.e. tides having nearly the same constituents: for as 
like causes produce like effects in nature, such tides should show the 
same agreement between theory and observation. This plan becomes 
more simple, because any one tide in any year has only one tide corre- ~ 
sponding to it in any other year; and if there be a discordance, it must 
be due to a difference in atmospheric conditions, and will indicate the 
change of height of tide arising from this cause. 


Prarson—On Computation of Tides. 659 

Thus, if we take the Lunar and Solar Tide which is connected with 
that transit of the moon, which occurs in Yay, at between 6h. and 7h., 
Greenwich apparent time, and compare theory with observation during 


A : Moon’s 
Years. aon pigon's ee | Calculation. | Observation. | Error. 
. asc 

h. m. eel: Ons fy ins hes Thale | in 

| 1876. 6 31 55°27 14°17 20 9 20 3 —6 
1877. 6 33 54°16 16°53 20° 2 20° 2 0 
| 1878. 6 41 54°18 5:27 Mai 3 2 Oe. il Nene 
| 1879. | 645 55°38 SAT OG | Meee 
| 1880.'| 6295 | 584 | 1344 | 22 2 22 2 | 0 
| 1881. Gal7 | 08°52 6°14 233 23 2 —1 
| 1882. 6 25 59°16 8°52 oe) 20) | — Bes 0) | 0 


The above are favourable specimens: all others are not equally so. 
We shall next examine the atmospheric conditions which seem to 
account for the variation. Thus, if we take the Lunar and Solar 
Tides of August, which are incident to the moon’s transit between 
11h. and noon in the same years, with the atmospheric conditions— 


| i Moon’s | leula ser Baro 
Years. | cae ae i N ee aa Pee meter. Wind, &c. 
\ 

1876. 11:26 60°30 | 17:44 SSO KI Bi7/oG) Mr Bxe)ofs} calm. 

1877. 11°50 61:19 ; 18:27 Rep 18} |) PAI WPAN. | INGA on slight. 
1878. | 11:44 | 60-44 | 9-41 | 28: 9| 28-7 | 29-7. | S., slight. 
1879. 11°14 5036) )| 15:27 26:6) | 26:5 29:6. | N.W., fresh. 
1880. 11°49 55° 6 14:17 25°10 | 25:9 29°8. W., slight. 
1881. 11°16 54: 4 10° 8 25° 5 | 25:8 29:3 8., strong. 


So long as the atmospheric conditions are not very diverse, it is found 
that the agreement between theory and observation is very nearly 
perfect ; the changes in the moon’s parallax and declination, each 
producing their own separate effects with undeviating regularity, but 
when the atmospheric conditions change the effects become apparent. 
Thus, for the March Tides, lunar and anti-solar, transits between 4h. 
and 5h., p.m. 


; ’ Moon’s 
from | sa | memes | OE fetta) Ouse | Eee: | wi, oe 
A Sc. 
1877. | 4:46 | 56-2 | 25-34 | 20:10] 20-7 | 29-6. | N. 
1878. | 412 | 58° 1 | 2637 | 29° 5| 29:3 | 29-8. | N. 
1879. | 4-31 | 59:19 | 25-15 | 29: 7| 93:1 | 29-7. | S.W. 
1880. | 4-35 | 59:17 | 22-55 | 29-8| 23-9 | 29-7. | W.N.W., strong. 
1881. | 4:39 | 58°40 | 23-6 | 29: 0| 29:4 | 29-7. | S.W., fresh. 
1882, | 4-62 | 56°53 | 21-3 | 21-1] 21-3 | 30-5. | W.S.W., fresh. 
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The last tide would have had its height augmented by the direction 
and force of the wind, but this was counteracted by the high barome- 
tric pressure. 

In conclusion, enough has been said to show the progress made in 
accurate calculation, and the data upon which the effects of atmos- 
pheric conditions may be estimated. A similar method may be applied 
in the case of any other ports to which attention may be directed. For 
instance, in the case of Kurrachee, it is found that the diurnal inequa- 
lity is very visible, when the moon or anti-moon is south of the equator 
at the instant of the transit, which occurs twelve hours previously. 
The configuration of land and water affects the course of the tides 
as certainly in the Indian as in the Atlantic Ocean ; everywhere it pro- 
duces irregularities which cannot be ignored, when special tide-tables 
have to be calculated. 

Plate XIX. represents the curves formed by the tides, as observed 
by W. Parkes, E.C., at Kurrachee, and referred to in the Report of the 
British Association for 1870. It shows, by means of the graphic pro- 
cess at the foot of the diagram, the law of the ‘‘ diurnal inequality,” 
for that place. For an explanation of this process see these Proceced- 
ings, antea, page 73. The law is this: when the moon is below the 
equator, the lunar tides (combined with the solar) are highest, and 
arrive at Kurrachee about twelve hours after the transit B. When 
the anti-moon is below the equator, the anti-lunar tides (combined 
with the anti-solar) are highest. The diurnal and semi-diurnal curves 
are also shown. 


SCIENCE. 


Plate XIX. 
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LXXX1IX.—Conrersvtions to THE TuEory oF Screws. By RoserrS. 
Batt, LL.D., F.R.S., Andrews Professor of Astronomy in the 
University of Dublin, and Royal Astronomer of Ireland. 


[Read, November 138, 1882.] 


THe theory of ‘“‘emanants’”’ in modern algebra (Salmon’s igher 
Algebra, 3rd ed., p. 108) is specially appropriate for throwing light 
on screw co-ordinate transformations. The present Paper relates to 
this subject. 

Let a,, ... ag denote the six co-ordinates of a twist or of a wrench. 
If we regard the amplitude of the twist or the intensity of the wrench 
as unity, then the six co-ordinates become the co-ordinates of the 
screw. For our present purpose we require the six co-ordinates to be 
independent variables, and therefore we shall regard them as the co- 
ordinates of the Dyname itself, not merely of the screw on which it 
reposes. To specify the screw five constants are required; one con- 
stant more gives the intensity of the Dyname, making six in all. The 
Dyname can thus be completely expressed by the six co-ordinates, of 
which each one is absolutely independent of the rest. 

Let a’ be the intensity of the Dyname on a; then a’ is proportional 
to a, ... a insomuch, that if the Dyname be replaced by another on 
the same screw a, but of intensity va’, the co-ordinates of this new 
Dyname will be wo, ... xag. 

Let B be a second Dyname on another screw quite arbitrary as to 
its position and as to its intensity 8’. Let the co-ordinates of 2, re- 
ferred to the same screws of reference, be §;,... 6s. If we suppose 
a Dyname of intensity yf’ on the screw f, then its co-ordinates will 
be yfi, ... yBs. Let us now compound together the two Dynames of 
intensities va’ and yf’ on the screwsaand 8. They will, according 
to the laws for the composition of twists and wrenches (Theory of 
Screws, p. 11), form a single Dyname on a third screw lying on the 
same cylindroid asa and 8. The position of the resultant screw is 
’ such that it divides the angle between a and #8 into parts whose sines 
have the ratio of yto x. The intensity of the resulting Dyname is also 
determined (as in the parallelogram of force) to be the diagonal where 
x and y are the sides, and the angle between them is the angle between 
aand 8. It is important to notice that in the determination of this 
resultant the screws of reference bear no part; the position of the re- 
sultant Dyname on the cylindroid as well as its intensity each depend 
solely upon the two original Dynames, and on the numerical magni- 
tudes x and y. 

We have now to form the co-ordinates of the resulting Dyname, or 
its components when decomposed along the six screws of reference. 
The first Dyname has a component of intensity xa; on the front screw ; 
and as the second Dyname has a component 7, it follows that the 
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sum of these two must be the component of the resultant. Thus we 
have for the co-ordinates of the resultant Dyname the expressions 


Lo, + Yi, ... 2g + Ye. 

Let us suppose that without in any particular altering either of the 
Dynames a and 6 we make a complete change of the six screws of re- 
ference. Let the co-ordinates of a with regard to these new screws 
be A;, ..- As, and those of 6 be p,... ps. Precisely the same argu- 
ment as has just been used will show that the composition of the 
Dynames za’ and yf’ will produce a Dyname whose co-ordinates are 
ry + Ypa, .-- tA, + Ye. We thus see that the Dyname defined by the 
co-ordinates va, + yi, ... a, + ys, referred to the first group of re- 
ference screws is absolutely the same Dyname as that defined by the 
co-ordinates 2A, + ypu, ... ZA + Ype referred to the second group of 
reference screws, and that this must remain true for every value of 
x and y. : 

In general, let 6,, ... 6; denote the co-ordinates of a Dyname in the 
first system, and q;, ... ¢, denote those of the same Dyname in the 
second system. Let /(6;, ... 6) denote any homogeneous function of 
the first Dyname, and let (di, ... 5) be the same function trans- 
formed to the other screws of reference. Then we have 


UAC ees nL ase i Connuaresncoys) 


as an identical equation which must be satisfied whenever the Dyname 
defined by (;, ... @ is the same as that defined by ¢,, ... ¢. Wemust 
therefore have 


J (ea, _ y Br, yah LO, + yBs) = F (ar, = YP nhane ZX, “ Y ps) 
These expressions being homogeneous, they may each be developed 
in ascending powers of - But as the identity must subsist for every 


value of this ratio, we must have the coefficients of the various powers 
equal on both sides. The expression of this identity gives us a series 
of equations which are all included in the form— 


d d\n 


d \ n 


hoard / [ 
| == Sr elo Ge eas || =/ myst... + — 
ars Bea) J ae ae , RS dx, } 


The functions thus arising are well known as ‘‘ emanants”’ in the 
theory of modern algebra, and we have now proved that they are co- 
variants of the original quantic. It is instructive to notice how inti- 
mately this branch of algebra is connected with the Dynamical con- 
ceptions in the theory of screws. The cases which we shall consider 
are those of n= 1 andx=2. In the former case the emanant may be 
written 

df Gas df 


Ugg tes Paige 
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It will of course be understood that / is perfectly arbitrary, but 
results of any interest are only to be anticipated when f has been 
chosen with special relevancy to the Dyname itself, as distinguished 
from the influence due merely to the screws of reference. We shall 
first take for f the square of the intensity of the Dyname, the expres- 
sion for which is found in the Theory of Screws, p. 34, to be 


R=ar+... + a6? + 2aja,(12)+..., 


where (12) denotes the cosine of the angle between the first and second 
screws of reference, which are here taken to be perfectly arbitrary. 
The second group of reference screws we shall take in a special form. 
They are to be located two by two on three intersecting rectangular 
axes (Screws, pp. 46, 172): so that 


Be = (Ay + Ag)? + (Ag + Ag)? + (As + Xe)?. 
Introducing these values, we have, as the first emanant, 
Soy By + S (a4 Be + a Bi) (12) = (pa + pe)(Ar + Ao) + (os + 4)(As + As) 
+ (Hs + ps)(As + Ae) 5 
but in the latter form the expression obviously denotes the cosine of 
the angle between a and 6 where the intensities are both unity; hence, 


whatever be the screws of reference, we must haye for the cosine of the 
angle between the two screws the result 


Sa, 8, + 3 (a; 62 + a2 8;) (12), 


an expression otherwise arrived at in Zrans., R.I.A., vol. xxv., 
Science, p. 306. 

In general we have the following formula for the cosine of the 
angle between two Dynames multiplied into the product of their inten- 
sities :— 

19 ok ee 
ii a a sls 

This expression, equated to zero, gives the condition that the two 
Dynames be rectangular. 

If three screws, a, 8, y, be all parallel to the same plane, and if 6 
be a screw normal to that plane, then we must have 


dk dk 

1 day . . . ar O, ile = 0, 
dR le 

” ‘Oa: 
dB, dB 

6; ws ° 4 x + A, dt = (), 
dy, dy 


R. I, A. PROC.) SER. II., VOL. 111. —SCIENCE. 3P 
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_ Since a screw of a three-system can be drawn parallel to any direc- 
tion, it will be possible to make any three of the quantities 0, ... 4s 
equal to zero. Hence, we have as the condition that the three screws, 
a, B, y, shall be all parallel to a plane the evanescence of all the de- 


terminants of the type 


| dk dk dk 

| da,’ da.’ das 

| dhe dR aR | 
[Re sett cB 
aR ak aR 

| dy,’ dy. dys 


Tf the three screws, a, B, y, be co-cylindrical, these conditions must 
of course be fulfilled; but in this case the required conditions can be 
expressed more simply, for we must have equations of the type 


V1 => Aa, + acre 


Yso= Aag + LBs; 


50 that, if the three screws be co-cylindroidal, every determinant cf 
the type 


| ai) i, ya 
O12, Bo, Y2 
O35 Bs, 3 


must be equal to zero. 
The locus of the screws @ perpendicular to a is represented by the 
equation 


dk dR 
6, ie + 6, Fe = 


If we assume that the screws of reference are coreciprocal, then 
the equation just written can only denote all the screws reciprocal to 
the one screw whose co-ordinates are 

1 dk 1dk 
ge ose 
It is manifest that all the screws perpendicular to a given line 


cannot be reciprocal to a single screw unless the pitch of that screw be 
infinite, otherwise the condition 


(Pa + po) cos -dsind = 0 
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could not be fulfilled. We therefore see that the co-ordinates just 
written can only denote those of a screw of infinite pitch parallel to a. 
If # be a variable parameter, then the co-ordinates 


« dR a2 aR 
° (hs Se 


Ds dar 


Oy 
p—r doy’ 


must denote a screw of variable pitch w on the same screw asa. We 
are thus conducted by a more direct process to the results previously 
obtained (Serews, p. 100). 

We may also consider that function of the co-ordinates of a Dyname 
which, being always proportional to the pitch, becomes exactly equal 
to the pitch when the intensity is equal to unity. More generally, 
we may define the function to be equal to the pitch multiplied into the 
square of the intensity, and it is easy to assign a physical meaning to 
this function. It is half the work done in a twist against a wrench, 
on the same screw, where the amplitude of the twist is equal to the 
intensity of the wrench. Referred to an y co-ordinates, we denote this 
function by V expressed in terms of A, ... Xs. If we express the same 
function by reference to six coreciprocal axes with co-ordinates a)... a6, 
we have the result 

JOOP ES On Te =e 


Forming now the first emanant, we have 


aV aV 
ATED SES) Ge CI IL ec STS 
1 . 


but the expression on the left-hand side denotes the product of the two 
intensities into the vertical coefficient of the two screws; hence the 
right-hand member must denote the same. If, therefore, after the dif- 
Jerentiations we make the intensities equal to unity, we thus have the 
following expression for the virtual coefficient between two screws A 
and « referred to any screws of reference whatever :— 


dV a, 
La BO 8 HD ee . 


Suppose, for instance, that A is reciprocal to the first screw of refe- 
rence, we have 
dV 


a, = 0. 
This can be verified in a somewhat instructive manner, We have 
a aNe 
ONY, eet NGf dn! 
Bee NID ean ns oy VU ean 
a ah 
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and, therefore, if X be reciprocal to the first screw of reference, the 
formula to be proved is 
1, DP aN dx 
Xr Dy + 20 p Dae 

A few words will be necessary on the geometrical signification of 
the differentiation involved. Suppose a Dyname A to be referred to 
six co-ordinate screws of absolute generality, and let us suppose that 
one of these co-ordinates, for instance 1, be permitted to vary, the 
corresponding situation of A, also changes, and considering each one of 
the co-ordinates in succession, we thus have six routes established along 
which d will travel in correspondence with the growth of the appro- 
priate co-ordinate. Each route is, of course, a ruled surface; but the 
conception of a mere surface is not adequate to express the route. We 
must also associate a linear magnitude with each generator of the sur- 
face, which is to denote the pitch of the corresponding screw. Taking 
dX and another screw on one of the routes, we can draw a cylindroid 
through these two screws. It will now be proved that this cylindroid 
is itself the locus in which a moves, when the co-ordinate correlated 
thereto changes its value. Let @ be the screw arising from an increase 
in the co-ordinate A; ; a wrench on @ of intensity 6” has components of 


intensities 6”;,...6”;. A wrench on A has components A”; .. . A”. 
But from the nature of the case, 

Ge a Ge f Gk 

XY = Ne . . ° = NO 


If therefore 0” be suitably chosen, we can make each of these ratios 
— 1, so that when 6” and X” are each resolved along the six screws of 
reference, all the components except 6”, — A”; shall neutralize. But this 


can only be possible if the first reference screw lie on the cylindroid 
containing 6 and X. Hence we deduce the result that each of the six 
cylindroids must pass through the corresponding screw of reference ; 
and thus we haye a complete identification view of the route travelled 


il 
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by a screw in correspondence with the variation of one of its co-ordi- 
nates. 

Let the six screws of reference be 1, 2, 3, 4, 5, 6. Form the cy- 
lindroid (A, 1), and find that one screw 7 on this cylindr oid which has 
with 2, 3, 4, 5, 6, a common reciprocal. Let the adjoining figure be 
a pencil of four rays parallel to four screws on the cylindroid. Let OA 
be parallel to one of the principal screws; Odbe parallel to A, On toy, 
and Ox to the first screw of reference. Let the angle 40x be denoted 
by A, the angle 40n by B, and the angle AOA by ¢. To find the 
component A, we must decompose X’, a twist on A, into two components, 
one on 7, the other on 1. The component on 7 can be completely 
resolved along the other five screws of reference, since the six form one 
system with a common reciprocal. If we denote by 7’ the component 
on 7, we then have 


rN % dy ei 7! ; 
sin(B— A)” sin(d — B) sin(¢ - A)’ 


and if @ and 4 be the pitches of the two principal screws on the cylin- 
droid, we have for the pitch of A the equation 


p=acos’6 + bsin?6 ; 


dp _dp dp 
also a Te Dr? because the effect of a change in ), is to move 
the screw along this cylindroid. 
= ,sin(¢ — B) B) 
SOW | sin( — A)’ 


and as the other co-ordinates are to be left unchanged, it is necessary 
that 7 be constant, so that 


dk _,sin(B- A) 
a6 ~ six*(— 4) 


dp _ : sin’ sin’?(¢ — aZ). 
and hence ae (6—a) sin 2¢ ASuIC Te iy 
dy’ dN do 
Also WIDER Oe 


Hence, substituting in the equation 


dp dn! 
N= + 29 — = 

Dee” ane 
we deduce a=btan¢ tan J ; 


but this is the condition that A and the first screw of reference shall be 
reciprocal (Screws, p. 37). 
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The emanants of the second degree are represented by the equation 


(pate hse, Napelnae ay 

ease eis! bet a Boge f=(may 4 ed otha Hoe 
when ¥F is the function into which f becomes transformed when the 
co-ordinates are changed from one set of screws of reference to another. 
If we take for f either of the functions already considered, these equa- 
tions reduce to an identity ; but retaining / in its general form, we can 
deduce some results of very considerable interest. The discussion 
which now follows was suggested by the very ingenious reasoning 
employed by Professor Burnside in the theory of orthogonal transfor- 
mations (see Williamson’s Differential Calculus, p. 412). 

Let us suppose that we transform the function / from one set of co- 
reciprocal screws of reference to another system. Let p, ... ps be the 
pitches of the first set, and q:, ... 4, be those of the second set. Then 
we must have 

D Br aP 6 0 oO SF DsBe = npr sp 6-6 5.45 Y6Pe's 
for each merely denotes the pitch of the Dyname multiplied into the 
square of its intensity. Multiply this equation by any arbitrary factor 
x and add it to the preceding, and we have 


Kee: 
(Big + + Page) Sea mis... + peBe) 
ad 
d d \2 
“(ma 1) oO) GuG ed) F+e(Qipy? + Se Hy + Ys pe”): 


Regarding f;, . . . 8; as variables, the first member of this equation 
equated to zero would denote a certain screw system of the second 
degree. If that system were ‘‘ central’? it would possess a certain 
screw to which the polars of all other screws would be reciprocal, and 
its discriminant would vanish ; but the screw f being absolutely the 
same as 4, it is plain that the discriminant of the second side must in 
such case also vanish. We thus see that the ratios of the coefficients 
of the various powers of « in the following determinant must remain 
unchanged when one co-reciprocal set of screws is exchanged for 


another. In writing the determinant we put 12 for on &e. 
114+ 2p,, 12 ets , 14 lS , 16 |=0. 
21 , 22 + xp, 28 , 24 , 25 , 26 | 
31 M39 9b 183 haps, 134 BS S86 
41 , 42 43 , 4442p, 45 , 46 
51 , 52 , 58 , 54 55 +2ps, 56 
61 , 62 “963 64 65 , 66 + ap, 
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Take for instance the coefficient of x divided by that of 2°, which 
is easily seen to be 


edsf 1 Pf 
arte = + : . . P= 4 Sosa 3 
fr da,” Pe da,” 


and we learn that this expression will remain absolutely unaltered 
provided that we only change from one set of co-reciprocals to another. 
In this fis perfectly arbitrary. Let us take it for instance to be the 
function #, or the square of the intensity, and we see that 


1 1 1 1 1 1 

—+—+—+—4+—4 — 

Pi Po Ps fs Ps Pe 
must be an absolute constant so long as we are only concerned with a 
group of co-reciprocal screws. It is easily shown that this constant is 
zero, and thus we have a theorem otherwise proved in Screws, p. 149, 
and of which the present theory may be regarded as a generalization. 

It will be readily seen that numerous results can be obtained from 

the different coefficients of the powers of 2, the absolute term being 
for instance the Hessian. The functions added to the emanants might 
also be an arbitrary factor multiplied into #. Indeed if the discrimi- 
nant were formed of the function 


f 


d d \2 
[Pig + Bag | S42 mB. tee Be) 
ey ( Bie eg: 5 st 2118s (12) 


it would be easy to show that the ratios of the coefficients must be in- 

dependent of the screw of reference so long as they were co-reciprocal, 

and thus a multitude of functions of f would be obtained which retain 

their form so long as the screws of reference are co-reciprocal. We 

might even discard this last condition by writing for the factor multi- 

plied by z the most general value of the pitch multiplied by the square 
of the intensity. 
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XC.—Norezs on tHe Frora or Lampay Isnanp, County or Dusit. 


By H. C. Harr, B.A. 


[Read, November 13, 1882.] 


THe Istanp or Lampay is situated off the east coast of Dublin, at a 
distance of two and a-half miles from the nearest land at Portrane. 
It is somewhat hexagonal in shape, and contains an area of 595 acres, 
of which only a small part is under cultivation. The western is the 
cultivated portion of the island, which is devoted to dairy farming, and 
the butter of Lambay is famed for its excellence. 

From Lambay Head, the eastern extremity, to the point north of 
Talbot’s Bay on the west, is a distance of a mile and two-thirds, while 
the island is about a mile across from north to south in several places. 

With the exception of a small strip of land at the harbour on the. 
west, the coast is for the most part precipitous. From the western 
side the island rises to a height of a little over four hundred feet, and 
most of its eastern side is bound with cliffs from two to three hundred 
feet high. These cliffs are favourite breeding places for several species 
of sea-fowl, which resort here in great numbers from May to August. 
Here, also, the raven and peregrine-falcon breed annually. The island 
is well stocked with rabbits, which are preserved by the owner, Lord 
Talbot de Malahide. There are three families on Lambay, and there is 
an old castle, at one time the residence of Archbishop Ussher, in which, 
through the kindness of Mr. Dillon, the agent for the property, I was 
enabled to obtain accommodation during my visit. 

Lambay is principally composed of porphyritic felstone of Lower 
Silurian age, and is of much geological interest. Graptolites and Bala 
fossils have been obtained, and there is a remarkable exposure of con- 
glomerate lying below a sheet of Old Red Sandstone at sea level just 
inside Scotch Point. The formation of Lambay is, probably, continuous 
with that of the shore south of Portrane, near the Martello Tower. 

Besides many former visits of a day’s duration, I spent four days 
in the summer of 1881 on Lambay, and a similar time in the spring of 
the present year. During my last visit I had the company of my 
friend Mr. Richard Barrington, whose assistance rendered me better 
satisfied that the work was thoroughly done. 

Owing to the absence of sandy shores or salt marshes, except in 
the smallest quantity, several common maritime plants do not appear 
in the flora. Again, with the exception of a couple of wells, and two 
or three small rivulets, there is no abode for marsh or aquatic plants, 
which are, accordingly, very poorly represented. On the other hand, 
some local species grow here in great abundance, while visitors in the 
early season are astonished by the extraordinary profusion of several 
showy flowers which, in their turn, deck the island with carpets of 
red and pink, mauve, white, and yellow. These are chiefly bluebells, 
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primroses, sea pink, red campion, sea campion, and sea feverfew. The 
abundance of red campion is a highly noticeable feature in Lambay. 

It might appear that an island so well known and easy of access 
from Dublin as Lambay would be devoid of fresh interest, especially 
as it has been always a favourite resort for naturalists. To show that 
this is not the case, I will enumerate some rare or local plants which 
have not been previously noticed upon the island, and serve to show 
the interesting nature of its flora. 


Arabis thaliana. + Hyoscyamus niger. 
Parnassia palustris. Statice occidentalis. 
Geranium pusillum. Scilla verna. 

Erodium maritimum. +Lris fetidissima. 

Trifolium striatum. Blysmus rufus. 

Vicia lathyrovdes. Carex vulpina, 

(nanthe crocata. ; >,  extensa. 

Torilis nodosa. Ophioglossum vulgatum. 
Apium graveolens. Polypodium vulgatum, var. 
Myosotis collina. semr-lacerum. 


Of the above, Geranium pusillum is the rarest; a single habitat in 
Clare, and a couple in Antrim, are the only certainly-known Irish 
localities for this plant, and its occurrence in Lambay is, therefore, 
highly important. ris fetidissima grows on cliffs covered with vege- 
tation in three or four patches near one another on the north side of 
the island: this station is quite apart from cultivation, nor does the 
plant occur about the castle, or cottages, or elsewhere upon the island. 
It is a native plant all along the west of England, as far north as 
Durham, and belonging as it does to Mr. Watson’s English type of 
distribution, which is well represented upon Lambay, it is, perhaps, 
unreasonable to challenge it. It occurs in considerable quantity in 
several places upon Howth and upon Ireland’s Eye, but always near 
houses, as if introduced, and the bright-coloured seeds may, perhaps, 
have been carried from there to Lambay by birds. Mr. More does 
not believe it to be native in Ireland. Trifolium striatum, a very rare 
plant in Ireland, is plentiful on Lambay, where it appears to have 
been mistaken for Z. maritimum. 'The lover of ferns will find, too, a 
handsome variety of the Polypody, Polypodium semi-lacerum, upon the 
same banks as the Lris fetidissima. 

The luxuriance of showy flowers has already been mentioned; the 
abundance of some either local or less common species is also a feature 
of interest. I/yosotis collina is very abundant all round the margin, a 
little inside the rocky coast, while on the rocks themselves Inula crith- 
moides and Crithmum maritimum occur plentifully ; Scclla verna forms 
the sod in many places, as at Scotch Point, near the sea; Hrodium 
maritimum covers the ground with closely prostrate growth, especially 
on the dry, sandy soil about the rabbit-warren on the southern side; 
in thickets of brambles on the northern side of the island Agrimonia 
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eupatorium is unusually common, while in similar situations near the 
cliffs on the east, drum maculatum is plentiful. 

One of the most interesting ‘‘finds’’ I made on Lambay was that 
of an extraordinary luxuriant erowth of Ophioglossum vulgatum, at the 
eastern end of the island, about a hundred and fifty yards inland south- 
wards from Freshwater Bay, at the east side of the stream. This patch 
extends over more than an acre and a-half of ground, and is so closely 
grown that a sod of six inches square will often contain over a dozen 
fronds. 

There is a distinct preference shown by several species for the 
southern shores of the island, or it might be nearer the truth to say 
that these, as a rule, avoid the northern coast from Lambay Head to 
Scotch Point: these are— 


Viola hirta. Cynoglossum officinale. 
Geranium sanguineum. Lycopsis arvensis. 
EKrodium maritimum. Statice occidentalis. 
Trifolium striatum. Beta maritima. 
Leontodon hirtus. Arum maculatum. 


This preference is due, no doubt, to some superiority of aspect or 
climate, since the situations are in other respects similar. Except this 
negative one, the north side has no characteristic peculiarity in its 
flora. It must be borne in mind that all the botanical interest of the 
island lies around the margin. 

There are no indigenous trees upon Lambay ; sycamore, ash, beech, 
and hawthorn have been introduced in the neighbourhood of the castle, 
but these have hardly spread themselves. Elder, blackthorn, and 
perhaps one sallow appear to be the only native shrubs. Furze occurs 
in anaturalized state, having spread to wild stations at the eastern side 
and about Raven’s Rock ; it was, however, introduced for fencing pur- 
poses about twenty-five years ¢ ago, as IT am informed by Mr. Moncks, 
the caretaker. Brambles form a dense and tangled undergrowth in 
many parts of the island to the exclusion of other species. 

The absence of several plants which are abundant on Howth, a 
promontory eight or ten miles from Lambay, with a similar flora, may 
be noticed. Amongst these are Sarothamnus scoparius, Ulex europeus 
and U. nanus, Ononis arvensis, Artemisia vulgaris, Senecio sylvaticus, 
Salix repens, &c. 

I am confident that few plants have escaped my repeated searches 
over the island; nevertheless, the absence of some common ones was 
unexpected, for example :— 


[ Stellaria holostea. Pedicularis sylvatica. 
Bunium flexuosumn. Carex stellulata. 
Daucus carota. C. trinervis. 
Achillea millefolium. Blechnum boreale. 


Chrysanthemum leucanthenwn. 
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The Lambay flora is a very natural one; there is little cultivation, 
and the introduced plants are few in number, sparingly established, 
and, as I think, easily detected. Disregarding several sub-species or 
varieties, the flora consists of 291 flowering plants and ferns, of which 
33 species are probably not native. 


FLORA OF LAMBAY. — 
RANUNCULACER. 


Ranunculus hederaceus (Linn.)—Raven’s Well, and by the castle. 


fk. flammula (Linn.)—Frequent. 

R. repens (Linn.)—Common. 

L. bulbosus (Linn.)—About Scotch Point and elsewhere. 
R. acris (Linn.)—Frequent. 

R. ficaria (Linn.)—Common round the coast. 

Caltha paiustris (Linn.)—Raven’s Well. 


PAPAVERACER. 


[ Papaver somniferum (Linn.)—Below Coastguard Station, an escape. | 
*P. rheas-(Linn.)——Cultivated fields near the harbour. 
*P. dubium (Linn.)—Do. 

FUMARIACER. 


tFumaria officinalis (Linn.)—Cultivated ground near the harbour. 


CRUCIFERE. 


Cakile maritima (Scop.)—Sparingly south of harbour. 

| Raphanus raphanistrum (Linn.)—On the shore near the Coastguard 
Station, very closely approaching 2. maritimus. 

tScnapis arvensis (Linn.)—Cultivated ground and waste places near 
the castle. 

+S. alba (Linn.)—With the last, scarce. 

tStsymbrium officinale (Scop.)—Borders of fields, pathways, &c.; pro- 
bably native, but not plentiful. 

Cardamine pratensis (Linn. )—Above Calico Bay. 

C. jursuta (Linn.)—In several places. 

Arabis thaliana (Linn.) Banks above the sea at Broad Bay and 
Gillap. This is a rare and very local plant in Ireland. In the 
County Dublin I have only met with it upon Howth. 

' Nasturtium officinale (Brown.)—In two or three places by the brooks. 

Cochlearia officinalis (Linn. )—Common. 

? Draba verna (Linn.)—I believe I gathered withered stalks of this 
species, but am not certain. 
*Thlaspi arvense (Linn.)—A colony appeared in enclosed ground at 
the castle, 1882. 
Capsella bursa-pastoris (Moench. )—Frequent. 
tSenebiera coronopus (Poir.)—By the harbour and cottages. 
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RESEDAC. 


{| Reseda luteola (Linn.)—Sparingly near the castle, and by the side of 
the field between it and Saltpan Bay. 


VIOLACE®. 


Viola hirta (Linn.)—Near the sea at Gouge Point; between Lambay 
Head and Sunk Island, near the sea in two places; by the well 
close to the castle, and elsewhere. Chiefly on the southern side 
of island. : 

V. sylvatica (Fries.)—Frequent. Chiefly V. recehenbachiana. 

V. tricolor (Linn.)—Cultivated fields. 


PoLYGALACER. 


Polygala vulgaris (Linn.)—Common. Var. depressa (Wender) occurs 
at Raven’s Rock. 


CARYOPHYLLACER. 


Silene maritima (With.)—Abundant. 

Lychnis diurna (Sibth.)—Covers many parts of the island with its 
rose-coloured blossoms in the earliest summer, especially amongst 
the thickets of blackberry a little inland. 

LL. flos-euculi (Linn.)\—By the stream into Carnoon Bay. 

Cerasteum tetrandrum (Curt.)—Pilots’ Hill, &e. 

C. glomeratum (Thuil.)—Banks by the sea on the north side. 

C. triviale (Link.)—Common. 

C. arvense (Linn. )—Plentiful. 

Stellaria media (With. )—Frequent. 

S. graninea (Linn.)—South-east side of Heath Hill, near the sea. 

S. uliginosa (Murr.)—Raven’s Well. 

Honckenya peploides (Khr.)—Sparingly near the harbour. 

Sagina maritima (Don.)—Frequent; Scotch Point, &c. 

S. procumbens (Linn.)—Frequent. 

t Spergula arvensis (Linn.)—Cultivated fields, frequent. 

Lepigonum ruptcola (More.)—Frequent. 


Hyprricacu. 
Hypericum tetrapterum (Fries.)—In several places. 
H. pulchrum (Linn.)—West side of island near the castle. 
Matvacem. 
Malva sylvestris (Linn. )—Frequent. 
LInacex. 


Linum catharticum (Linn.)—Common. 
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GERANIACE. 


Geranium sanguineum (Linn.)—On south and west side of island; 
north of Raven’s Well. 

G. molle (Linn.)—Frequent. 

G. pusillum (Linn.)—I discovered a considerable quantity of this 
plant, one of the rarest in Ireland, at the south-west corner of 
the large field north of the castle. 

G. dissectum (Linn.)—Frequent by the coast to the south of the 
harbour and elsewhere. 

G. robertianum (Linn.)—In stony places behind the castle, sparingly. 

Erodium cicutarvum (Herit.)—Frequent. 

EF. marttimum (Sm.)—KEspecially abundant about the rabbit-warren 
at the south of the island; it forms a green sward frequently 
round the rabbit-holes, and appears to be the only plant permitted 
to do so. Frequent all round Lambay, except on the northern 
face, where it seems hardly able to exist. 

Oxalis acetosella (Linn.)—Sparingly in shady ground near the castle. 


LEGUMINOS&. 


* Ulex europaeus (L.)—Introduced for fencing purposes, about twenty- 
five years ago. It has spread to wild stations on the eastern side, 
and about Raven’s Rock. 

Anthyllis vulneraria (Linn. )—Frequent. 

| Medicago lupulina (Linn.)—By a cottage, and on the borders of the 
large field north of the castle. 

Trifolium pratense (Linn.)—Common, and I believe native on grassy 
banks by the sea. 

T. arvense (Linn.)—Along the shore from the harbour to Scotch 
Point, and along the north side of the island in several places; 
not common. 

TZ. striatum (Linn.)—Plentiful in pasturage above the harbour and 
along the shore to Seotch Point; east of the castle above a cot- 
tage and by the shore a little south of harbour beyond the Coast- 
guard Station. In the ‘‘ Flora Hibernica”’ Zrifolium maritimum is 
said to grow on Lambay; probably the present species was mis- 
taken for it. 

T. repens (Linn. )—Frequent. 

T. minus (Sm.)—Frequent. 

Lotus corniculatus (Linn.)—Common. 

| Vicia hirsuta (Koch.)—South-west side of island by the shore, and in 
cultivated fields near the Coastguard Station: 

Vicia cracca (Linn.)—Banks by the shore at Talbot’s Bay. 

V. sepium (Linn.)—Frequent. 

V. angustifolia (Roth.)—By the shore south of harbour, &c.; east 
coast of Lambay. 

V. lathyroides (Linn.)—Under Tinian Hill, above the sea, on the east 
side of Lambay. 
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“Vicia sativa (Linn.)—In several places amongst cultivated grounds. 
Lathyrus pratensis (Linn.)—Scarce; above the sea at Calico Bay, 
and on dry, hilly ground south-east from the castle. 


RosacEz. 


Prunus spinosa (Linn.)—South-east from the castle, not common. 
Spirea ulmaria (Linn.)—By the sides of the rivulets. 
Agrimonia eupatoria (Linn.)—Very abundant in several places. 
Alchemilla arvensis (Scop., Linn.)—Common. 
Potentilla tormentilla (Schenk. )—Frequent. 
P. reptans (Linn.)—Frequent. 
P. anserina (Linn.)—Frequent. 
Fragaria vesca (Linn.)—Frequent at the south-west part of the 
island. 
as ae: 17 e x \ ) Lhese appeared to me to be the forms 
B vitae We eM) SNe) of brambles met with, the latter 
i being very abundant. 
Rosa spinosissima (Linn.)—Common. 
&. canina (Linn.)—Frequent. 
*Crategus oxyacantha (Linn. )—Not native. 


LYTHRACER. 


Lythrum salicaria (Linn.)—By the sides of streams. 


ONAGRACE®, 


Epilobium hirsutum (Linn.)—Near the castle in two or three places. 
LE. parviflorum (Schreb.)—In several places. 
E.. palustre (Linn.)—Raven’s Well, very sparingly. 


HALoRAGACER. 
Callitriche verna (Linn.)—Trinity Well, &. Var. platycarpa (Scop.) 
Frequent. 
CRASSULACER. 


Sedum anglicum (Huds.)—Common. 
S. acre (Linn.)—Common. 


SAXIFRAGACE. 


Parnassia palustris (Linn.)—Sparingly by the stream into Freshwater 
Bay about fifty yards from the cliffs, and at Raven’s Well, 


UMBELLIFER®. 


Hydrocotyle vulgaris (Linn. )—By the rivulets. 
Eryngium maritimum (Linn.)—At the harbour. 


Hart—On the Flora of Lanbay Island. 677 


Apium graveolens (Linn.)—South-west shores of island, in plenty at 
Talbot’s Bay. 

Helosciadium nodiflorum (Koch.)—Frequent. 

* Egopodium podagraria (Linn.)—Garden-ditch at the castle. 

Enanthe lachenalii (Gmel.)\—Talbot’s Bay. 

. crocata (Linn.)—At a well below the cottage a little south of 
Raven’s Rock; on a bank behind the cottage immediately above 
the castle; and im a deep ditch south-east from the castle. 

| dthusa cynapium (Linn.)—Near the castle. 

Crithmum maritimum (Linn.)—<A bundant. 

Angelica sylvestris (Linn.)—Near the castle and elsewhere. 

Heracleum sphondylium (Linn.)—Very abundant on cliffs at Saltpan 
Bay and elsewhere. 

Torilis nodosa (Gaert.)—In the same locality as Geranium pusillum. 

Cherophyllum sylvestris (Linn.)—Shady ground about the castle. 

Conium maculatum (Linn.)—By the shore on the south-west side of 
the island; apparently native a little north of Raven’s Well on 
the hill side; and near the castle. 


ARALIACER. 


Hedera helix (Linn.)—Frequent. 


CAPRIFOLIACE®. 


Sambucus nigra (Linn.)—A characteristic plant, and the only conspi- 
cuous native shrub on Lambay. Abundant on banks above Broad 
Bay and Saltpan Bay; Knockbane; Seal hole, &c. 

Lonicera periclymenum (Linn.)—Frequent. 


RUBIACE Xe 


Galium saxatile (Linn.)—Heath Hill, &c.; not common. 
G. verum (Linn. )—Frequent. 
G. aparine (Linn.)—Frequent, especially among shingle on the shore 
on the south-west. 
. [Sherardia arvensis (Linn.)—Cultivated field south of castle. 


Dipsace. 
Scabiosa succisa (Linn.)—Very common. 
Composit. 


Carduus tenuiflorus (Curt.)—Common. 

C. lanceolatus (Linn.)\—Frequent. 

C. palustris (Linn.)—Frequent. 

C. arvensis (Curt.)—Frequent. 

Carlina vulgaris (Linn.)—Frequent. 
Arctium intermedium (Lange. )—Frequent. 
Centaurea nigra (Linn. )—Frequent. 
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t Chrysanthemum segetum (Linn.)—Sparingly in the same field as 
Sherardia arvensis. 

Matricaria inodora (Linn.)—Very abundant. 

* Artemisia absinthium (Linn.)—Kstablished in the neighbourhood of 
two or three cottages. Much used ‘for the stomach” by the 
Irish peasantry, and introduced from the mainland. This plant 
is not native on the east coast of Ireland. 

Filago germanica (Linn.)—Sparingly on banks above the sea in two 
or three places on the north side. 

Senecio vulgaris (Linn.)—Frequent. 

S. gacobea (Linn. )—Frequent. 

Inula crithmoides (Linn.)—Common on most of the coast, except ‘the 
northern side. 

I. pulicarva (Linn.)—In damp places; frequent. 

Bellis perennis (Linn.)—Frequent. 

Aster tripolium (Linn.)—Only at the south-west side of the island. 

Tussilago farfara (Linn.)—In several places. 

Eupatorium cannabinum (Linn.)—Gillap on the north, and near the 
seal-hole on the south-east side. 

+ Lapsana communis (Linn.)—Cultivated ground only. 

Hypocheris radicata (Linn.)—Common. 

Leontodon hirtus (Linn. )—By the shore on the south side and south- 
west side of island. 

L. autumnalis (Linn.)—Common. 

Taraxacum officinale (Wigg.)—South and west side of island. 

Sonchus oleraceus (Linn. ) 

S. asper (Hoffin. ) 

S. arvensis (Linn. ) 

Mieracium pilosella (Linn.)—Common. 


Frequent; S. arvensis grows in a native 
situation on the south-west shore. 


CAMPANULACER. 


Jasione montana (Linn.)—Rocky ground at Gillap; scarce. 
Campanula rotundifolia (Linn. )—Frequent. 


ERICACEZ. 


Erica cinerea (Linn.)—Common. 
Calluna vulgaris (Salist.)—Common. 
Nore.—Frica tetraliz, which is not upon Lambay, requires a 
moister climate and a greater extent of mountainous country than 
the above species; it is, certainly, more local on the cast side of 


Treland than is generally supposed. Its absence from Howth is 


remarkable, and I have recently observed that it is either rare or quite 
wanting on the Knockmeledown and Cummeragh Mountains in the 
County Waterford. I spent a day upon each of these groups without 
meeting with it. Again, along the mountainous coast of Waterford, 
from Tramore to Youghal, where the other species are abundant, 
E. tetraliz does not occur; whereas in similar situations in the north 
or west of Ireland it would, undoubtedly, be present. It is common, 
however, on the Wicklow and Dublin Mountains. 
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GENTIANACER. 
Erythrea centaurium (Pers.)—Var. pseudo-latifolia. Frequent. 


SoLANACE. 


Solanum ashen (Linn.)—By the rivulet into Carnoon Bay. 
{Hyoscyamus niger (Linn.)—A good-sized patch near the se al-hole on 
the south-east side of the island. 


ScRoPHULARIACE. 
Scrophularia nodosa (Linu.)—Very sparingly in Thornchase Valley. 
| Veronica hedertfolia (Linn).——Ditch-banks of the large field north of 
castle and below coastguard station. 
£V. polita (Eries.) Below the Coastguard Station and near the 
eee tie (Lin: cottages in two or three places, but ap- 
een) parently introduced. 
*V. buxbaumi (Ten.)—By a cottage east of the castle. 
V. arvensis (Linn.)--Common. 
ee serpyllifolia (Linn.)—Near the castle, &e. 
V. officinalis (Linn.)\—Common 
v. chamedrys (Linn.)—Common. 
V. anagallis (Linn.)--In a deep ditch south-east from the castle. 
V. beccabunga (Linn. )—Frequent. 
Euphrasia officinalis (Linn.)-—-Very scarce, Raven’s Rock only. 
{Bartsia odontites (Huds.)--Frequent about cultivation. 
tRhinanthus ecrista-galli (Linn.)—-A few plants on the border of a field 
near the castle. 
Laprata. 


Mentha lursuta (Linn. )—Frequent. 
Thymus serpyllum (Fries.)—Common. 
Nepeta glechoma (Benth.)—Common. 
Prunella vulgaris (Linn.)—Common. 
| Galeopsis tetralit (Linn.)—Cultivated fields. 
tZamium amplexicaule (Linn.)—Cultivated ground near the Coastguard 
Station. 
{L. tncisum (Willd.)—Near the Coastguard Station, and by a cottage, 
east from the castle. 
{L. purpureum (Linn.)—About the castle. 
Teucrium scorodonia (Linn. )—Common. 


BoRAGINACER. 


Myosotis cespitosa (Schultz.)—By a rivulet a little south of the castle. 

MM. palustris (With.)—In one deep ditch south-east from the castle. 

MM. arvensis (Hoffm.)—South and east side of island. 

I. collina (Reich.)—Very abundant all round the island, though not 
occuring far from the sea. A characteristic feature in the Lam- 
bay Flora. 
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Myosotis versicolor (Reich.)-—Frequent. 
Lycopsis arvensis (Linn.)—Chiefly on the south-east side. 
*Symphytum officinale (Linn.)—On a ditch-bank behind the herd’s 
cottage. 
Cynoglossum officinale (Linn.)—South-east side of the island, near the 
sea. 


PRIMULACER. 


Primula vulgaris (Huds.)—Common. 

P. veris (Linn.)—Near Trinity Well, and in a meadow near the castle 
(Miss Monks.) 

Anagallis arvensis (Linn.)—About rabbit burrows near the coast, fre- 
quent. Also in cultivated fields. 

A. tenella (Linn.)—About the Raven’s Well. 

Glauz maritima (Linn.)—South-west shore, Carnoon and Talbot’s 
Bay. 

Samolus valerandi (Linn. )—Not unfrequent. 


PLUMBAGINACER. 


Armeria maritima (Willd.)—Common. 
Statice occidentalis (Lloyd.)—Rocky coast south-west of Lambay 
Head. About Tayleur Bay. 


PLANTAGINACE. 


Plantago mayor (Linn.)—About the castle. 
P. lanceolata (Linn.)—Common. 
P. maritima (Linn.}\—Common. 
P. coronopus (Linn.)—Common. 


CHENOPODIACER. 


Salsola kali (Linn. )—Near the harbour. 
Beta maritima (Linn.)—Abundant on the southern shore. 
t Chenopodium album (Linn. )—Cultivated and waste ground. 

* Atriples angustifolva (Sm.)—Talbot’s Bay, &e. 

A. deltoidea (Bab.)—Talbot’s Bay, &c. 

A. babingtonit (Woods. )—Frequent. 

A. littoralis (Linn.)—A little south of the castle. I did not meet 
with this plant during my last visit to Lambay, but gathered it 
in 1881. 

PoLyGonIACEm. 


Rumex nemorosus (Schrad.)—Abcut the castle. 
R. obtusifolius (Aust.)—Frequent. 
R. crispus (Linn.)—Frequent. 
R. acetosa (Linn. )—Frequent. 
R. acetosella (Linn. )—Frequent. 
+Polygonum convolvulus (Linn.)—Cultivated fields. 
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Polygonum aviculare (Linn. )—Frequent 
P. rai (Bab.)—Near the north of the harbour. 
P. persicaria (Linn.)—Frequent. 


EUPHORBIACE®. 


tHuphorbia helioscopia (Linn.)—Cultivated fields near the castle. 
t£. peplus (Linn.)—Cultivated fields near the castle. 


URTICACEAE. 


Urtica dioica (Linn.)—The nettles in Saltpan Bay are ranker and 
more venomous than any I ever met with; the effects of their 
stings do not pass off for a couple of days. 

tU. urens (Linn.)—In several places. 


AMENTIFERE. 
t Salix viminalis (Linn.)—Near the castle, but probably introduced. 
+S. cmerea (Linn.)—Near the castle, perhaps introduced. 


ARACEE. 
Arum maculatum (Linn.)—South and south-east sides near the sea. 
Common. 
LremMNnacem. 
Lemna minor (Linn.)—Raven’s Well. 


NATADACE®. 


Zostera marina (Linn.)—Low water at ne -tides a little south of 
the harbour. 
ALISMACER. 
Triglochin palustre (Linn.)—Sparingly at Bishop’s Bay. 
T. marttimum (Linn.)—Sparingly at Bishop’s Bay. 


ORCHIDACER. 


Orchis latifolia (Linn.)—One plant at Raven’s Well, where it was 
detected by Mr. Barrington; but Miss Monks assured me it was 
usually plentiful there. 


TRIDACER. 


tlris fetidissima (Linn.)—Banks above Saltpan Bay in three places, 
and at the shore level. See introduction. 
|Lris pseudacorus (Linn.)—Bishop’s Bay on the southern side. I 
have appended the mark of suspicion in deference to the opinion 
of Mr. Moore. 
Linracez. 


Scilla verna (Huds.)—Abundant on dry grassy banks on the westward 
side of the island and elsewhere. 
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Scilla nutans (Sm.)—Very abundant on Lambay, and lending a colour 
to the slopes in the spring. The white variety of the bluebell 
occurs rarely. 


JUNCACER. . 

. Luzula campestris (W. C.)\—Frequent. 

Juncus maritimus (Sm.)—South-west side, at Carnoon Bay and Talbot’s 
Bay. 

J. Eerie ais (Linn.)—East side of Lambay. 

J. glaucus (Sibth.)—By the rivulet into Freshwater Bay, and on the 
south-east side. 

J. acutiflorus (Khrh.)—Frequent. 

J. lamprocarpus (Khrh.)—At Scotch Point. 

J. supinus (Mcench.)—About the castle. 

J. bufonius (Linn.)—Frequent. 

J. gerard (Lois.)—(J. compressus, Jacq. var.) Carnoon Bay. 


CYPERACE®. 


Schenus nigricans (Linn.)—Talbot’s Bay and Carnoon Bay. 

Blysmus rufus (Link.)—Carnoon Bay ; first observed by Mr. Barrington. 

Scirpus savit (S. & M.)—Raven’s Well; stream into Freshwater Bay ; 
south-west side of island. 

Eriophorum angustifolium (Roth.)—Raven’s Well. 

Carcx disticha (Huds.)—By Freshwater Bay brook, and in several 
marshes at the west side. 

C. arenaria (Linn.)—Carnoon Bay and Bishop’s Bay. 

C. vulpina (Linn.)—Bishop’s Bay. 

C. vulgaris (Fries.)—Pilot’s Hill. 

C. glauca (Scop.)—In several places. 

C. precox (Jacq.)—Frequent, chiefly by the coast. 

C. panicea (Linn.)—Marshy ground east of Knockbane. 

C. distans (Linn.)—Common on the south and west shores. 

C’. extensa (Good.)—Carnoon Bay, and elsewhere on the south-west 
shore. 

C flava (Linn.)—By the stream into Freshwater Bay. 

C. hirta (Linn.)—Raven’s Well, and in several places near the castle. 


GRAMINEZ. 
Anthoxanthum odoratum (Linn.)\—Common. 
Digraphis arundinacea (Trin.)—Sparingly by a heavy ditch south- 
east from the harbour. 
Alopecurus pratensis (Linn. : 
t Phi Mite faa) ) Fields about the castle. 
Agrostis vulgaris (With.)—Frequent. 
A. alba (Linn.)—Frequent. 
A. canina (Linn. )—Frequent. 
Aira flexuosa (Linn.)—Frequent. 
+A. cespitosa (Linn. )—Frequent. 
A. caryophyllea (Linn. )—Frequent. 
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Aira precox (Linn.)—Frequent. 

Arrhenatherum avenaceum (Beauy.)—Common. 

Holeus mollis (Linn.)—Northern coast, in two or three places. 

Hf. lanatus (Linn.)—Frequent. 

Triodia decumbens (Beauy.)—Hilly ground behind the castle. 

Molinia cerulea (Mcench.)—Scarce, a little east from the castle. 

Glyceria fluitans (Brown.)—By the stream into Freshwater Bay. 

Sclerochloa maritima (Lindl.)—Frequent. 

S. rigida (Link.)—Walls of castle, farm-yard, and pier-wall. 

Poa annua (Linn. )—Frequent. 

P. pratensis (Linn.)—In several places. 

P. trwialis (Linn. )—Near the castle. 

Briza media (Linn.)—A little west of the harbour. 

Cynosurus cristatus (Linn. )—Frequent. 

Dactylis glomerata (Linn. )—Frequent. 

Festuca sevuroides (Roth.)—Walls by the castle; shore between chapel 
and Coastguard Station. 

F. ovina (Linn.), et F. duriuscula (Linn.)—Frequent. 

F. elatior (Linn.)—South-west side at Carnoon Bay. 

Bromus mollis (Linn.\—Common. 

Brachypodium sylvaticum (R. & 8.)—Frequent along the southern 
cliffs. 

Triticum repens (Linn. )—Carnoon Bay. 

T. junceum (Linn. )—Near the harbour. 

Lolium perenne (Linn. )—Frequent. 

Nardus stricta (Linn.)—Frequent. 


FIrIces. 


Pieris aquilina (Linn. )—Frequent. 

Asplenium marinum (Linn.)—New House; Tayleur Bay; Saltpan Bay. 

A. adiantum nigrum (L.)—Rocky places about the castle; Calico Bay ; 
Lambay Head. 

Athyrium filixz-femina (Bernh.)—Near Raven’s Well; north side of 
Knockbane. 

_ Scolopendrium vulgare (Sm.)—Calico Bay and Saltpan Bay. 

Aspidium angulare (Willd.)—Grassy cliffs above Calico Bay; rocky 
places above the castle. 

Lastrea filiz-mas (Presl.)—North side of island at Knovckbane, &c. 

LL. dilata (Presl.)—Sparingly by the sea in Saltpan Bay. 

Polypodium vulgare (Linn.)—Common on the north side; the variety 
semi-lacerum occurs at Calico Bay. This is the form that is usually 
called P. cambricum in Ireland, from which it differs in bearing 
copious fructification and in other respects. I mention this to 
correct the statement made in the “Catalogue of Dublin and 
Wicklow Plants,” that P. cambricum occurs in the Dargle. The 
Dargle fern is P. semz-lacerum, and I doubt if true P. cambricum 
has ever been gathered in Ireland. My brother, Mr. G. V. Hart, 
who has long cultivated the Irish ferns, has never met with it. 
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Ophioglossum vulgatum (Linn.)—Remarkably abundant on the northern 
slope of Pilot’s Hill. 


EQumsETACE. 
Equisetum arvense (Linn.)—Ditch-banks east of the castle. 


It has occurred to me that a comparison between the floras of an 
island upon the east and one upon the west coast of Ireland would be 
of interest. Reliable means for such a comparison are available in 
Mr. More’s ‘‘ Report on the Flora of Inish-Bofin, Co. Galway,’ an 
island which lies almost exactly in the same latitude upon the west of 
Ireland as Lambay does upon the east. These islands are both devoid 
of limestone, and there is no geological dissimilarity which would 
entail any important difference in their floras. Their coast lines are 
alike in character, and their difference in elevation is trifling, Lambay 
being about a hundred feet higher than Inish-Bofin. Inish-Bofin has, 
however, about four times the area of Lambay, and the western island 
has also a great superiority in possessing ‘‘ four small lakes and a few 
pools with a considerable extent of moist and boggy ground producing 
a fair proportion of water plants, sedges, rushes,’’ &c. Lambay has, as 
we have seen, neither lake nor turf-bog, and very little ground suitable 
for any of the marsh or aquatic species. The contrast which I pro- 
pose to draw has for its object the illustration of the differences arising 
from the climates of the two coasts, and geographical distribution. 
Probably these influences alone are the causes why many of the Lam- 
bay plants do not or could not exist upon Inish-Bofin. On the other 
hand many of the Inish-Bofin plants which do not occur upon Lambay 
are absent, in all likelihood, simply from surface conditions and the 
want of sufficient water. 

Prominent amongst them are :— 


Ranunculus heterophyllus, et vars., Potamogeton pusillus, 


Drosera rotundifolia, P. natans. 
Myriophyllum alterniflorum, P. polygonifolius, 
Galium palustre, Phragmites communis, 
Montia fontana, Eleocharis palustris, 
Menyanthes trifolrata, Carex ampullacea, 
Polygonum amphibium, Equisetum limosum. 


Narthecium ossifragum, 


These are all found—for instance, upon the adjacent promontory of 
Howth, and are unimportant for the purpose which I have in view. 
They will be omitted in my comparative list as being merely acciden- 
tal absentees. 

While upon this subject I will venture to make a remark on the 
comparison which Mr. More institutes in the above-mentioned ‘‘ Re- 
port”’ between the flora of Inish-Bofin and that of the Isles of Aran, 
Galway Bay; taking his data for the latter from a list published by 
me in 1875—a list which is confessedly incomplete. In that publication 
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I Jaid particular stress upon ‘‘the absence of turfy bogs and scarcity 
of damp ground which entails a great want of marsh and heath plants, 
sedges, and rushes,” &c. The result of this is that Mr. More can 
enumerate ninety-two plants upon Bofin which do not occur upon 
Aran, against 161 Aran plants which are absent from Bofin. Of these, 
the majority are, in all probability, absent from Aran in consequence of 
this accidental want of marshy ground and in no respect from climate, 
geological structure, or geographical situation. The omission of this 
consideration renders the contrast between the two floras less strikingly 
in favour of the Aran limestone flora than it may be fairly estimated 
by attaching weight to the absence of unimportant plants. 

Mr. More enumerates 303 varieties, or, say 295 species, as found 
upon Inish-Bofin. My Lambay list contains 291 species. Deducting 
from each of these totals those plants which are probably introduced, 
there remain 252 native species for Bofin, 258 for Lambay. Consi- 
dering the superior size of Inish-Bofin and its much more diversified 
surface-conditions, the majority in favour of Lambay illustrates well 
the richer flora of the east of Ireland. A few plants, such as Szsym- 
brium officinale, Capsella bursa-pastoris, Galium aparine, and three 
species of trefoil are, I believe, native on Lambay, though most likely 
only colonists in the far west of Ireland. 

In the following comparative lists several commoner aquatic species 
already mentioned are omitted from the Bofin plants, as not tending 
to illustrate the essential differences between the two floras :— 


COMPARATIVE VIEW OF FLORAS OF INISH-BOFIN 
AND LAMBAY, 


Ineluding only Plants probably native. 


Lambay Plants not on Inish-Bofin. | Inish-Bofin Plants not on Lambay. 


RANUNCULACER. 
Ranunculus ficarva. 
Caltha palustris. 
NYMPHZ ACER. 
Nuphar luteum. 
CRUCIFERZ. 
Sisymbrium officinale. 
Arabis thaliana. 
Draba verna. 
CISTACEZ. 


| Lelianthemum guttatum. 


VIOLACE. 
Viola hirta. 


Viola palustris. 
V. tricolor. 


V. canina. 
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Lambay Plants not on Inish-Bofin. | Inish-Bofin Plants not on Lambay. 
POLYGALACER. 
Polygala vulgaris, typ. | 


ELATINACES. 
| Elatine hexandra. 


CARYOPHYLLACER. 
Lychnis diurna. Spergularia salina. 
Cerastium arvense. 
Stellaria media. 
S. graminea. 
S. uliginosa. 
Honckenya peploides. | 
Sagina maritima. 


LIvacez. 
| Radiola millegrana. 


HYPERICACER. 
Hypericum androsemum. 
HH. elodes. 
GERANIACER. 
Geranium sanguineum. 
G. pusillum. 
G. dissectum. 
Erodium maritimum. 
LrcuMinosz. 
Trifolium repens. Mr. More considers these three 
T. pratense. clovers as probably introduced on 
T. minus. Inish-Bofin. 
{Vicia hirsuta. 
V. lathyroides. 
Rosacez. 


? 


Fragaria vesea. Comarum palustre. 


Alchemilla arvensis. 
Agrimonia eupatorium. 
ONAGRACER. 


Epilobium hirsutum. Epilobium montanum. 
E. tetragonum. 


LyYTHRACER. 


| Peplis portula. 
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SAXIFRAGACE. 

Parnassia palustris. | Saxifraga umbrosa. 
CAPRIFOLIACE. 

Sambucus nigra. 
UMBELLIFER®. 

Eryngium maritimum. Daucus carota. 

Apium graveolens. Helosciadium inundatum. 


Helosciadium nodiflorunt. 

@nanthe lachenalir. : 
. crocata. 

Torilis nodosa. 

Cherophyllum sylvestre. 

Conium maculatum. 


RUBIACEE. 
Galium aparine. | 
ComposITm. 
Carduus tenucflorus. { Centaurea scabiosa. 
Carlina vulgaris. Gnaphalium uliginosum. 
Filago germanica. Senecio sylvaticus. 
Inula crithmordes. Achillea ptarmica. 
Eupatorium cannabinum. A. millefolium. 
CAMPANULACER. 
| Lobelia dorimanna. 
ERICACER. 
| Erica tetraliz. 
GENTIANACER. 
| Gentiana campestris. 
CoNnVOLVULACER. 
| Convolvulus sepium. 
SoLANACER. 


Solanum dulcamara. 
Hyoscyamus niger. 
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Lambay Plants not on Inish-Bofin. | Inish-Bofin Plants not on Lambay. 
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Lambay Plants not om Inish-Bofin. | Tnish-Bofin Plants not on Lambay. 


SCROPHULARIACER. 
Scvophularia nodosa. | Rhinanthus erista-galh. 
| Veronica hederifolia. | Pedicularis palustris. 


P. sylvatica. 
| Scrophularia aquatica. 


Lapiar®. 

Nepeta glechoma. | Stachys palustris. 
tLanium ineisum. Scutellarva minor. 
tL. purpureum. 

DoraGinacen. 

Myosotis palustris. 

I. collina. 

M. versicolor. 

Lycopsis arvensis. 

Cynoglossum officinale. 

LENTIBULARINEX. 
Pinguicula vulgaris. 
PRIMULACER. 
Primula veris. Centuneulus minimus. 
Anagallis arvensis. 
PLUMBAGINACER. 
Statice occidentalis. | 
PLANTAGINACER. 
| Litorella lacustris. 
CHENOPODIACE. 
Beta maritima. 
Atriplex hittoralis. 
POLYGONACER. 
Rumex nemorosus. Polygonum hydropiper. 
Polygonum rar. 
EMPETRACE. 
| Empetrum nigrum. 
CALLITRICHACER. 


| Callitriche hamutata. 


Hart—On the Flora of Lambay Island. 


689 


Lambay Plants not on Inish-Bofin. | Inish-Bofin Plants not on Lambay, 


Ortica diovea. 


+Salix cinerea. 


Scilla verna. 
Scilla nutans. 


Orchis latifolia. 


Tris fetidissima. 


Triglochin maritimum. 


Arum maculatum. 


Tuzula campestris. 
Juncus maritimus. 
J. glaucus. 


URTICACER. 


| 


AMENTIFERE. 


Populus tremula. 
Salix aurita. 

S. repens. 
Myrica gale. 


LILIACER. 


CoNIFERR. 
| Juniperus nana. 
ORCHIDACER. 


| Orchis maculata. 


TRIDACER. 


ALISMACER. 
NataDAcez. 

| Potamogeton pectinatus. 
AROIDEZE, 
TYPHACE. 

| Sparganium affine. 
Rrstracex. 

| Eriocaulon septangulare. 
JUNCACER. 


| Luzula multiflora. 
| Juncus squarrosus. 
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Lambay Plants not on Inish-Bofin. | Inish-Bofin Plants not on Lambay. 


CYPERACE®. 

Blysmus rufus. | Scirpus fluitans. 

Carex disticha. | Rhynchospora alba. 

C. vulgaris. Eleocharis multicaulis. 

C. vulpina. Carex pulicaris. 

C. hirta. | C. stellulata. 

| C. binervis. 
GRAMINEX. 

Digraphis arundinacea. Psanma arenaria. 
| Alopecurus pratensis. Calamagrostis epiggos. 
tAtra cespitosa. Keleria cristata, 
Holcus mollis. Sclerochloa loliacea. 
Sclerochloa rigida. Festuca pratensis. 
Briza media. 

Festuca sciurotdes. 

Triticum junceum. 

Frzices. 

Scolopendrium vulgare. Asplenium ruta-muraria. 
Aspidium angulare. Blechnum boreale. 
Ophioglossum vulgatum. Lastrea emula. 


Osmunda regalis. 


LycoPoDIACEm. 
| Isoetes echinospora. 


Thus Lambay contains ninety-one, and Inish-Bofin sixty-four cha- 
racteristic peculiar plants. In order to understand more thoroughly 
the different natures of the two floras, I will arrange them according 
to Mr. Watson’s types. The Lambay flora will be found to contain 
forty-nine species of the British or commonest type not occurring upon 
Bofin, as against fifty-five British type plants on Bofin not occurring 
upon Lambay. And this is what might have been foreseen, the larger 
island containing the greater variety of common species. There are 
about one hundred and sixty-five ‘ British type’ species common to 
both islands. 


The undermentioned species peculiar to either island belong to 
Watson’s English type, or are ‘“‘inclining to’’ his English type :— 


Lampay. Borin. 
Sisymbrium thalianum. Nuphar lutea. 
Viola hirta. Elatine hexandra. 
Cerastium arvense. Hypericum androsemum. 
Geranium sanguineum. H. elodes. 


y 
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Lampay. Bory. 
Geranium pusillum. {Centaurea scabiosa. 
Trifolium striatum. Gnaphalium uliginosum. 
T. arvense. Conyolvulus sepium. 

T. minus. Scrophularia aquatica. 
Agrimonia eupatorium. Seutellaria minor. 
Epilobium hirsutum. Centunculus minimus. 
Sambucus nigra. Calamagrostis epigejos. 
Apium graveolens. Sclerochloa loliacea. 


Helosciadium nodiflorum. 
(Enanthe crocata. 

CE. lachenalii. 

Torilis nodosa. 
Kupatorium cannabinum. 
Carlina vulgaris. 
Carduus tenuiflorus. 
Solanum dulcamara. 
Hyoscyamus niger. 
Cynoglossum officinale. 
Myosotis palustris. 
Primula veris. 
Anagallis arvensis. 
Beta maritima. 

Tris foetidissima. 
Juncus glaucus. 

J. maritimus. 

Arum maculatum. 
Carex disticha. 

C. hirta. 

Sclerochloa rigida. 
Briza media. 

Aspidium angulare. 


There are, besides, three English, or inclining to English type 
species common to both, viz.:—Vicia augustifolia, Lythrum salicaria, 
Samolus valerandi. These columns show well the decrease in numbers 
of this type on the western coast—15 to 38, or as 1 to 23. 


Next in importance is the Atlantic type; its members stand as 
follows :— 


Lampay. Bor. 


Erodium maritimum. Lastrea zmula. 
Inula crithmoides. 

Statice occidentalis. 

Scilla yerna. 
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And five species common to both islands, viz. :— 


Lepigonum rupicola. 
Sedum anglicum. 
Crithmum maritimum. 
Scirpus savil. 
Asplenium marinum. 


This is rather surprising; but it will be found that Watson’s 
Atlantic or western type is anomalously so-called in Ireland, being at 
least as well represented on the eastern as on the western coast, so 
that the insular floras reveal a somewhat unexpected truth. There 
are, however, two highly interesting plants upon Inish-Bofin which 
do not fall under any of Watson’s types, Helianthemum guttatum and 
Saxifraga umbrosa. These and others of the so-called Hibernian type 
which do not occur in Great Britain may be regarded as the extremest 
group of the Atlantic type in the British Islands. 

With Highland and northern plants Lambay is sparingly supplied, 
two species of the latter alone being met with, while nine occur upon 
Bofin. 


Lampay. Borin. 
Parnassia palustris. Comarum palustre. 
Blysmus rufus. Lobelia dortmanna. 


Gentiana campestris. 
Pinguicula vulgaris. 
Empetrum nigrum. 
Juniperus nana. 
Eriocaulon septangulare. 
Sparganium affine. 
Isoetes echinospora. 


This, again, exemplifies the condition of things upon the mainland, 
both these types being much better represented and descending lower 
upon the west than upon the east coast of Ireland, and is due, no doubt, 
to the damper and more equal climate. Most of the remaining species 
pecuhar to Botin are more universally prevalent in the west than in 
the east of Ireland, amongst which may be mentioned :— 


Bor. 
Viola palustris. 
Achillea ptarmica. 
Erica tetralix. 
Myrica gale. 
Litorella lacustris. 
Callitriche hamulata. 
Rhynchospora alba. 
Eleocharis multicaulis. 
Osmunda regalis. 
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Posrscript.—Since writing the above, Mr. More has drawn my 
attention to a paragraph in Dalton’s ‘“‘ History of Ireland,’’ where 
some Lambay plants are enumerated. Amongst these are a few which 
I did not meet with, and which are probably erroneously included. 
The records are taken from the ‘‘ Irish Flora,” to which they were, I 
believe, contributed by Mr. White of Glasnevin. The species are :— 


Trifolium maritimum. Probably was TZ. striatum. 

T. scabrum. I searched for this plant carefully without success. 

Drosera rotundifolia. 

Montia fontana. Perhaps lost through drainage. 

Senecio aquaticus. 

nanthe peucedanifolia. Perhaps @. lachenalii, which is, however, 
also mentioned ; and 

Sambucus ebulus, which is not there now. 
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XCI.—Report on THE Frora or THE Movuntarns or Mayo anp GaLway. 
By H. C. Harr, B.A. 


[Read, January 22, 1883. ] 


Havine received a grant from the Royal Irish Academy for the pur- 
pose of continuing my examination of the Botany of the Irish mountains 
in 1882, I resolved to devote my exertions to those situate in Mayo 
and Galway. In a little less than a month, during two visits in June 
and July, I traversed all the mountains of important height—about 
2000 feet and upwards. Some were so utterly barren that a single 
visit sufficed. I have, however, taken each chain separately in my 
report and dealt with its peculiarities, and will, therefore, merely 
enumerate them here, starting at the north-east. The figures are 
the height in feet, from the Ordnance Map. 


In Mayo :— 


Nephin, 2646. 

Knockaffertagh, 1695; Birreencorragh, 2295; and Buckoogh, 1935. 

Laghtdauhybaun, 2369 ; Corslieve, 1785 ; N ephinbeg, 2065; Glena- 
morig, 2067; and others of the range. 

Curraun Achill, 1784 and 1715. 

Achill, 2204 and 2192. 

Croaghpatrick, 2510. 

Mweelrea group; Delphi Mt. 2504 and 2474; Ben Gorm and Ben 
Cregan, 2383 and 2283; and Mweelrea, 2688 and 2610. 


In Mayo and Galway :— 


Slieve Partry or Maamtrasna group; Devilsmother, 2131; Maam- 
trasna (Formnamore), 2239 and 2209. 


In Galway :— 


Maamturk range; Leckavrea, 2012; Corcogemore, 2045; Maumeen, 
2076, &c.; Letterbrickaun, 2195; Maamturkmore, 2300; and 
others of the chain. 

Benchoona, 1975. 

Bennabeola or Twelve Bens ; Benbaun, 2895; Ben Lettery, 1904; Mue- 
kanaght, 2158, &c. 


A short sketch of the botany of each of these groups will be given, 
and finally a general view of the vertical range of plants throughout 
the Mayo and Galway mountains. As heretofore, I refrain from com- 
paring these results with those obtained in other parts of Ireland until 
the whole be completed. 
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A few general features may first be noticed. Cultivation is rarely 
seen on the mountains at any considerable elevation. The highest 
seen was on the south-eastern slopes of Birreencorragh, north of 
Newport, at 400 feet. Cultivated fields, grain, or tillage, scarcely 
extend above 200 feet in the neighbourhood of the higher mountains. 
Rye is a favourite crop in the west of Mayo. Potatoes depend mainly 
on a dry season during the first part of July: upon this the pea- 
santry stake the success of their crop. There is little flax grown 
compared with Donegal, and wheat is rarely seen. The climate is 
milder than that of the east side of Ireland, and very much wetter. 
It is my belief that, if reliable records were taken, the neigh- 
bourhood of Delphi, at the base of Mweelrea and the upper part 
of Killary Fiord, would stand somewhere about the top of the list of 
rainfalls in the kingdom. In consequence of this mildness, especially 
in winter, and the shelter from the severity of easterly winds, the 
mountainous parts of the west have a far richer flora than those on 
the eastern side. On the other hand, several ranges in Galway are 
unusually barren from their geological nature. The absence of ‘‘ moun- 
tain hmestone”’ is prejudicial ; and the prevalence of quartzite banishes 
many plants from large areas. On this rock, and the scanty soil it 
furnishes, only a few plants care to live. Of the mountain species, 
which sometimes appear quite at home on amartzate! the following 
may be mentioned :— 


Saxifraga umbrosa. Salix herbacea. 


Silene maritima. _ Armeria maritima. 
S. stellaris. Juniperus nana. 
Antennaria dioica. Carex rigida. 
Arctostaphylos uva-ursi. Lycopodium selago. 


Empetrum nigrum. L. alpinum 


The other alpine species must be sought for off the quartzite, and 
where this rock is flanked by schists, &c., the line of demarcation of the 
alpine plants is, where they occur, rigorously defined. 

None of the above are confined to the quartzite ; they grow as freely 
on sandstone, granite, or other siliceous rocks, and some of them on all 
sorts of rock; but they may be regarded as almost its only alpine or 
sub-alpine inhabitants. As a rule, these mountains present wide sur- 
faces devoid of all vegetation, the different species of heather appear- 
ing only in patches. 

Under Croaghpatrick and The Twelve Bens will be found de- 
scribed my most interesting discoveries; a separate list of these will 
presently be given. New localities were found for all the alpine 
species recorded from the mountains of Mayo and Galway (District 8 
ot the ‘‘ Cybele Hibernica’’), and several more were added to the list. 
These plants descend to an unexpectedly low level, especially in Gal- 
way. There is little use in comparing these two counties, since the 
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mountains are almost continuous. The real difference lies north and 
south of Clew Bay. South of this bay, which is continuous with low 
levels inland, alpine species are more numerous and descend lower, 
and this is still further the case south of the Killary in the Connemara 
district. In one sense this is more an apparent than a real difference, 
since the most universal species, Salix herbacea and Carex rigida, are 
scarcer in quantity southwards: the variety of kinds is, however, 
greater and wider-spread. Carex rigida descends to an unusually low 
level at Nephin Beg—the lowest, I think, recorded. <Adra cespitosa, 
var. alpina, was only met with on the Mayo mountains, or on the 
bordering chain. 

Of those more thoroughly alpine plants which never descend to 
sea level in these mountains (or elsewhere in Ireland), only three are 
ever met with on the exposed summits or outer ridges; these are: 
Salix herbacea, Carex rigida, and Lycopodium alpinum. As soon, how- 
ever, as the ground contours downwards towards any part of the 
horizon, except north or north-east, these disappear. On the northern 
faces of cliffs these are, as arule, confined to a higher zone than the other 
alpine plants, especially Lycopodium alpinum, which rarely leaves the 
flatter summits and shoulders. Of those which do not descend to, or 
nearly to, sea level, Saxzfraga oppositifolia has the lowest range. Croagh- 
patrick, Maumeen, Ben Lettery, and Muckanaght, best illustrate the 
alpine flora of the Mayo and Galway mountains. 

On Muckanaght, in The Twelve Bens, I found a Saxifrage which 
is, as far as I can make out, indistinguishable from S. cespitosa (Linn.) 
Mr. Baker, who has kindly examined it, has, I am happy to say, con- 
firmed my opinion. I have compared specimens with some brought 
home from Greenland in 1876, and except for a more stunted habit in 
the northern plants, there appeared no difference. 

S. cespitosa (Linn.) has rested hitherto as an Irish plant upon 
the evidence of an imperfect specimen from Brandon, gathered in 
1829.' No form of S. hypnoides has been previously discovered in 
the Mayo or Galway mountains. Some plants at the lower part 
of its range on Muckanaght approach so closely to S. platypetala, 
especially to the form on the Galtee mountains, that my belief 
was confirmed that these forms are inseparable to a degree worthy 
of specific rank. Higher up on the cliffs the Muckanaght Saxi-- 
frage is fairly typical S. cespitosa. Any stunted flowering stems 
of S. afinis or S. hirta which I have met with elsewhere in Ireland 
have several leaves on the stem. The Connemara plant has only 
one, or in rare instances, two. This is an important character, and 
also separates and is distinctive of the larger and somewhat strag- 
gling plant at the base of the mountain from S. platypetala. The 
flowers in the Connemara plant are fewer, usually one to three, and 
even in the larger forms nearly sessile; in S. platypetala they are 
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pedicelled to half an inch or more. The leaves and sepals are much 
blunter than in any other Irish Saxifrages of the race, and the ovaries 
more distinctly semi-included in the calyx, which points to another 
character in the sepals being shorter: these latter are studded with 
gland-tipped hairs. The petals are also smaller in proportion to the 
sepals. The Connemara plant has not the weak trailing shoots of 
most of the S. hypnoides forms, and is, generally speaking, more dis- 
tinct than any of them; widely so from the extreme plant S. sponhet- 
mica, which mainly differs from S. hypnoides in the absence of bulbs 
in the leaf axils. 

In my Report on the Macgillicuddy’s Reeks I have noticed the 
distribution of this race of plants upon some of the Kerry mountains, 
and on the Galtees in Tipperary. I have this year visited Ben Evenagh 
in Derry, and the Cummeragh and Knockmealdown mountains in 
Waterford. 4S. sponheimica (Gm.) is the plant which grows on these, 
its typical form occurring on the Derry basalt. 

With regard to the Hieracia, to which I also paid particular atten- 
tion, the following forms were gathered :— 


Hieracium anglicum (Fr.) H. vulgatum (Fr.) | 
H. iricum (Fr.) H. gothicum (Fr.) 


HZ. anglicum occurs frequently on the mountains as an alpine plant, 
and rarely at low levels in exposed rocky places. H. zricum, in its 
large, much-branched, very leafy form, is a plant of the glens and 
intermediate stations, never occurring in alpine situations. It passes 
into H. anglicum in intermediate stations, as above Doo Lough, oppo- 
site Delphi, and on Benchoona, in a series of doubtful plants; and 
haying gathered a number of specimens throughout the two counties, 
I feel convinced that H. tricwm is merely a luxuriant lowland form of 
Hf. anglicum. Typical H. iricum is rare in Ireland; it occurs in Gal- 
way at Kylemore and Benchoona. The Galtee form of H. anglicum, 
as well as that gathered on the Reeks, is intermediate, while the com- 
monest hawkweed in mountainous districts of Donegal is typical H. 
anglieum. 

HI. vulgatum is scarce, and I only met with it on Muckanaght, 
where it passes insensibly into H. gothiewm, which is, perhaps, the 
alpine form; it does not, however, occur with the alpine species. 
Typical H. gothicum is best seen at Maumeen, amongst the alpine 
plants. I met with neither of these in Kerry; but both occur, with 
intermediate forms, in Innishowen, Co. Donegal. 

The vertical range of Saxifraga umbrosa calls for a note. In Kerry 
it descends from the highest summits to sea level or low levels inland 
constantly in the mountainous regions; in the Galtee, Cummeragh, 
and Knockmealdown mountains, it is thoroughly alpine in its general 
elevation, and though not dependent on aspect as alpine plants usu- 
ally are, it never descends lower than 1700 or 1800 feet. In 
the Mayo and Galway mountains Sazifraga umbrosa occasionally 
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descends to sea level on the coast, usually ceasing at about 700 to 
1000 feet and upwards. In Donegal it rarely descends lower than 
about 2000 feet. Its general range is thus diametrically opposite to 
that of the alpine group, and is more properly classed with the 
Atlantic or Western type. 

Lest it should be thought that I have crowded in notes of heights 
at random, I would ask leave to give the motives which usually guided 
me in making the records. They are either to ascertain— 


1. Upper and lower limits of alpine plants. 

2. Upper limits of all species occurring on the mountains. 

3. Unusually high or low elevation for any plants, outside their 
apparent normal limits. 

4. Notes on rare, local, or characteristic species. 

5. Repeated observations on plants whose range will apparently 
prove to be very constant, and, therefore, important to ascertain 
accurately. 


Having seen, moreover, how erroneous estimates of vertical ranges 
are, unless taken from a wide series of observations, I have slight 
scruples in recording what may appear to be an excess. An additional 
reason may be given in the obvious one that inaccuracies arising from 
a variable condition in the barometer, while observations are being 
made, will be reduced and equalized by considering the average of 
many records. By this means I have generally arrived at a very close 
approximation to the truth with regard to the altitude of certain lakes. 
The upper limits of some mountain plants are as definitely fixed as 
the mountains themselves. 

The mountainous district examined contained 227 species above the 
elevation of 250 feet. A few of these are, however, merely varieties. 
The district is included in district 8 of the ‘‘ Cybele Hibernica.”’ 

The following belong to Watson’s Highland or alpine tpye:— 


Thalictrum alpinum. Oxyria reniformis. 
Sedum rhodiola. | Salix herbacea. 
Saxifraga stellaris. | Juniperus nana. 

S. ceespitosa. | Carex rigida. 

S. oppositifolia. | Polystichum lonchitis. 
Saussurea alpina. Aira alpina. 
Hieracium anglicum et H. | Asplenium viride. 


iricum. Lycopodium alpinum. 
(H. gothicum.) L. selaginoides. 
Arbutus uva-ursi. Isoetes lacustris. 


Vaccinium vitis-idea. 


In addition to these, Dryas octopetala, Galium boreale, Hieracium 
crocatum, and Sesleria cerulea, are alpine plants occurring only at low 
levels elsewhere in District 8, as recorded in the ‘‘Cybele Hibernica.” 
In the above list Saxifraga cespitosa, Saussurea alpina, Avra alpina, 
and Polystichum lonchitis are additions to the flora of this district. 


; 
4 
; 
3 
; 
4 


4 
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The whole is about two-thirds of the alpine flora of Ireland. Alpine 
varieties of Armeria maritima, Alchemilla vulgaris, Plantago maritima, 
P. lanceolata, and Silene maritima also occur. 

The Scottish or northern group is well represented. 


Thalictrum minus. | Pinguicula vulgaris. 
Subularia aquatica. Empetrum nigrum. 
Drosera anglica. Salix phylicifolia. 

Sagina subulata. | Listera cordata. 

Rubus saxatilis. | Habenaria albida. 
Eriocaulon septangulare. — 
Carex limosa. 

C. filiformis. 


Several others occur in other parts of the district at low levels, as 
may be seen in the ‘‘Cybele Hibernica.”” Of the above, Salix phylicifolia 
is an addition to the Flora of district 8. Somewhat more than half the 
total number of the group occurring in Ireland are met with in the 
west of Mayo and Galway. 

Of Watson’s Atlantic type, the following plants occur on the sides 
of the mountains, mostly at low levels,;— 


Crepis paludosa. 
Antennaria dioica. 
Lobelia dortmanna. 


Scirpus savii, 
Lastrea emula, 
Adiantum capillus-veneris, 


Meconopsis cambrica, 
Sedum anglicum, 
Cotyledon umbilicus, 


Rubia peregrina, Hymenophyllum tunbrid- 
Hypericum androsemum, gense, 
H. elodes, 


H. wilsoni, 
Pinguicula lusitanica, | 


and several others along the coast. 

Several other prevalent species in the west would advantageously 
be included in this group, to which their distribution in Ireland 
apparently refers them. 

Since my general list is arranged with a view to exhibiting the 
vertical ranges, itis out ofall systematic order, andit becomes difficult 
to refer to it for localities for the rarer species. I will therefore enu- 
merate the rarest discoveries made, several of these being found in the 
lowlands during my excursions from one chain to another. Those 
italicized are additions to the flora of District 8 of the ‘‘ Cybele Hiber- 
nica’’ and to Mr. More’s supplement. 


Thalictrum alpinum (Linn.)—Croaghpatrick, Ben Choona, Maam 
Turk (Maumeen), Muckanaght and Ben Lettery. Recorded by 
Wade from Lettery, and by Dr. Moore from the ‘‘ mountain above 
Kylemore castle,” a hill which I omitted to visit. 

T. minus (Linn.), var. montanum, (Wallr.)—Mweelrea, and Ben 
Choona. Chiefly known previously on the stony shores of the 
larger lakes. 

Meconopsis cambrica (Vig.)—Muckanaght in Bennabeola. Found 
previously near Clifden. 
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Arabis hirsuta (R. Br.) Maumeen.—Rare in the west, except on 

limestone. 

tSenebiera didyma (Pers. )—Achill sound at the ferry ; a north-western 
limit for this spreading species, which had not previously been 
known north of Galway on this side of Ireland. 

Rubus saxatilis (Linn.)—Mweelrea, Croaghpatrick, and Bennabeola. 

Saxifraga cespitosa (Linn.)—Muckanaght. 

Saxifraga oppositifolia (Linn.)—Mweelrea and Muckanaght. Also 
on Maam Turk and Ben Lettery, which are given in the “Cybele” 
and one locality I did not verify, ‘“‘mountains in Joyce country, 
near Lough Corrib.” 

Aigopodium podagraria (Linn.)—Near Westport. 

(Enanthe lachenalii (Gmel.)—Near Bundorragha on the Kaillary. 
Known previously from one locality near Galway. 

(i. crocata (Linn.)—In several places about the Killary. Recorded 
only from Belmullet in the district. 

Pastinaca sativa (Linn.)—Roadsides, and banks about Newport. 

Rubia peregrina (Linn.)—Mweelrea and Salrock. Recorded pre- 
viously from the shores of Lough Mask. 

Saussurea alpina(D1.)—Croaghpatrick, Ben Lettery, and Muckanaght. 

Hieracium anglicum and H. iricum (Fr.)—Mweelrea and Ben 
Choona, H. anglicum is not unfrequent. 

HT, vulgatum (Fr.)\—Muckanaght. 

Arctostaphylos uva-ursi (Spr.)—Mweelrea, Nephin, and Nephinbeg 
in Mayo. More frequent in Galway. 

Vaccinum vitis-idea (Linn.)—Only met with in very small quantity 
in one place on Mweelrea. Other localities are given in the 
‘Cybele’ which I failed to verify. It is very rare in the 
west. 

Scrophularia aquatica (Linn. )—Bundorragha, at the foot of Mweelrea; 
not seen elsewhere in the district except in the ‘‘Cybele”’ locality 
to the west of Galway. 

Utricularia intermedia (Hayne.)—Frequent in the Mweelrea district 
at low levels, as well as about Connemara. This plant forms 
hybernacula, and if the fragile stem be lifted gently and traced 
through the mud with the fingers for the root, a little tuberous 
formation about the size of a bean will usually be found at the 
end of the stem. This habit is not mentioned in the British 
text-books, but Mr. Baker informs me that there are specimens 
exhibiting these hybernacula at Kew. I have seen undeveloped 
leaf-buds of U. vulgaris at the end of the summer, although not 
so dense; and Darwin says these ‘‘fall off and lie dormant during 
the winter at the bottom.’’ In U. intermedia they remain attached, 
and form the point at which the arrested growth recommences 
the following season. Such a means of living is the more neces- 
sary to the present species, since it rarely seeds itself. 

Statice bahusiensis (Frie.)—Shore below Croaghpatrick. Not found 
north of Clifden previously on the west side of Ireland. 
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Oxyria reniformis (Hook.)—On Loughty Mt. and Ben Gorm in the 
Mweelrea group, as well as on Mweelrea; not found on Ben 
Lettery, but grows on Muckanaght in Bennabeola; plentiful on 
Croaghpatrick. 

Salix phylierfolia (Linn.)—By the stream out of Lake Lugaloughawn 
on Mweelrea. Mr. More agrees with me in this decision. A 
small, but handsome shrub with a distinct appearance, due to the 
somewhat shiny leaves, glaucous beneath, and rich-coloured 
twigs. Found in Ireland previously in two localities, one in 
Antrim and the other in Derry. 

Salix herbacea (Linn.)—On all the higher mountains in both coun- 
ties. Recorded only from Nephin and Nephinbeg. 

Habenaria albida (Rich.)—Glen Laur. Also west of Galway and 
Lough Mask, ‘‘Cybele Hibernica.”’ 

Listera cordata (R. Br.)—Corcogemore. Recorded also from Slieve 
Cor. 

Eriocaulon septangulare (With.)—Lakes west of Deel Bridge, be- 
tween that and Corslieve. This extends the line marking its 
range on the map in the ‘Cybele Hibernica” northwards in 
Mayo to about the latitude of Crossmolina. 

Sparganium natans (Linn.)—In a lake on the seaside of the road 
about half way between Newport and Molranny ; in bog-holes 
about a mile south of Achill ferry on the mainland; at the foot 
of Croaghpatrick, on the inland side of the road by Clew Bay. 
In several places in Connemara. 

S. minimum (Fr.)\—Lake on Maamtrasna; Nambrackheagh lake on 
Buckoogh. Lake Lugaloughaun on Mweelrea. 

Ruppia maritima (Linn. )—In a brackish pond near Newport. 

Carex vulpina (Linn. )—With the last. 

C. teretiuscula (Good)—By a lake about a mile from Newport on the 
roadside to Westport. 

C. rigida (Good)—On all the higher Mayo mountains except Croagh- 
patrick. Only recorded from Nephin. 

C. pallescens (Lam.)—Bennabeola, Mweelrea, and Delphi. It was 
perhaps this plant which Wade recorded as C. curta from Ben 
Lettery. 

C. limosa (Linn.)—In a very wet bog at the foot of Nephin between 
Crampaun river and the road; southern side of Birreencorragh 
by some small lakes; bog-holes by the roadside between Ballina- 
hinch lake and the canal bridge ; bog-holes near Lough Fee to its 
east and between that and the Killary ; at the base of Derryclare 
mountain by the shore of the lake. 

C. filiformis (Linn).—In all the bogs with the last species, except 
the last-mentioned one. Also by the Erriff at the base of Ben 
Gorm. These two species occur in the very wettest shaky bogs 
in places which are usually considered unsafe to tread on. They 
have been recorded from only one or two localities in the 
west. 


i 
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Lastreea oreopteris (Presl.)—Rather rare in the west. Letterbrick- 
aun valley and Glencroff near the Killary. 

Polystichum lonchitis (Roth. )—Muckanaght—only locality. 

P. aculeatum (Roth.), Var. lobatum—Muckanaght and Maumeen. 

Cystopteris fragilis (Bernh.)—Loughty Mt. ; Muckanaght and Mau- 
meen. Very rare. : 

Asplenium viride (Huds.)—Muckanaght ; Croaghpatrick and Ben 
Lettery. Only recorded from the last locality before. 

Adiantum capillus-veneris (Linn.)—<Achill (and Salrock?). Very 
rare, but recorded from one or two localities previously. 

Lycopodium clayatum (Linn.)—On the mountain opposite Leenane 
Hotel on the Killary. Appears to be very scarce, but I was not 
much on the lower grassy hills which this species affects. 

L. alpinum (Linn.)—Mweelrea ; Loughty Mt. ; Curraun Achill, and 
Maam Turk. Recorded from the last locality and Ben Lettery, 
where I did not observe it. 

Before proceeding to my detailed account of the mountain ranges, 
I take this opportunity of expressing my thanks to Professor Babing- 
ton of Cambridge, Mr. Baker of Kew, and Mr. More of Dublin, who 
have kindly examined and given their opinion upon rarer and critical 
species. 

In my survey of each mountain, I suppose the reader to start from 
the summit and descend downwards in various directions. 

Nephin is an isolated, rounded lump of quartzite, rising to 2646 
feet above sea level. It is second in height to Mweelrea in Mayo, 
the highest in the west of Ireland, and situate north-west of Newport 
on Clew Bay. The barren nature of the rock of which it is formed, 
and the even shape of its surface, render it obviously uninteresting 
botanically. Nevertheless it appears to be the only point in the west 
which has received much attention from botanists, and these reasons, 
combined with a steady downpour of rain, caused me to be satisfied 
with a rather hurried survey. Dr. Dickie has givena slight account of 
its plants in his ‘“‘ Flora of Ulster.”” He records Carex rigida from the 
summit, 140 feet higher than I observed it, and three common species 
which I noticed on the top do not appear in his list. There is, how- 
ever, a stranger disagreement between us. Arctostaphylos wva-urst is 
very abundant south from the summit in the direction of Crampaun 
Wood. It appears, as we descend, at about 1650 feet ; is very abun- 
dant at 1500, and disappears at about 1240. Neither Dr. Dickie nor 
Professor Babington observed this species, although both have recorded 
Vaccinium vitis-idea from Nephin, which I did not meet with. The 
former does not, however, include it in the list of Nephin plants given 
in his Introduction. Vaccinium vitis-cdea appeared to me extremely 
rare in Mayo and Galway; at least, on the higher mountains. Dr. 
Dickie does not mention Antennaria dioica, HMieracium anglicum, Salix 
herbacea, Silene maritima, or Saxtfraga stellaris, which I met with at 
considerable heights. 

On the north-eastern side of the northern spur of Nephin, the rock 
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is more schistose in its nature, and on some slight prominences in a 
steep and rapidly degrading declivity, a few alpine plants occur. 
Here, as on Croaghpatrick in a less striking manner, one cannot fail 
to be impressed with the idea how insecurely established these slight 
patches of rarer plants on a continually wearing surface must be; how 
many may have disappeared, or are gradually disappearing, except on 
those mountain ranges where solid ranges of cliffs occur. This 
crumbling schistose rock i is, i Mayo and ‘Galway, the chief home of 
the alpine plants, overlying the prevalent quartzite formation in de- 
tached positions, and forming a rich and suitable soil by its rapid dis- 
integration. Its scattered and infrequent occurrence, as well as its 
unstable nature, may, in some degree, account for the unsatisfactory, 
casual distribution of the alpine flora. 

At the base of Nephin, on the south-western side, there is a con- 
siderable patch remaining of an ancient forest. During my visit to 
this part of Mayo I lodged with a kindly and respectable “‘ strong” 
farmer named Daly, who has lived here for seventy years, and whose 
forefathers held the ground before him. He remembers when, instead 
of a strip a couple of miles long, there were many square miles of 
forest, which, in his father’s time, clothed the long valley northward 
towards Deal Bridge; when the bitterns, “like bulls,’”’ answered one 
another over the moors. He had seen ruffs here in his youth, a pair 
of which had been shot about forty years ago, and the mad-ye-cran 
(pine-marten) was then frequent in the forest. There was also ‘a 
wild cat which dogs that would face a fox would not cope with.” I 
was specially interested in his account of squirrels having formerly 
been frequent in these native woods, which, if true, would surely 
establish its claim to being an indigenous inhabitant animal of Ireland. 
My informant was very intelligent and apparently, as wellas by repu- 
tation, quite trustworthy. At the mention of squirrels, I asked him to 
describe them, which he did, and their ‘“‘drays,”’ as he had seen them 
in these woods, quite correctly. He says they are still there in much 
diminished numbers, living, as of old, on the nuts which abound there. 
These remarks may savour to some more of romance than of scien- 
tific research, and must, no doubt, be received with caution; but the 
* question whether the squirrel is indigenous or not in Ireland has been 
the subject of much careful investigation by my friend Mr. Barrington, 
who has, in an able Paper on the subject, decided against it. The 
above clue, if worked out, may throw new light on the question. 

The mention of the forest led me to the above digression. I ex- 
amined these woods carefully, and found the following trees to be 
indigenous :—ash, oak, birch, mountain ash, alder, sallow (Sali capred), 
hazel, and blackthorn. Some of the alders are remarkably well grown 
—forty to fifty feet high—with a trunk over a foot in diameter; the 
ash trees are of medium size; the oaks old, but badly developed. 

The alpine plants I observed on Nephin were—Sazxifraga stellaris, 
Hieracium anglicum, Arctostaphylos wa-ursi, Salia herbacea and 
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Carex rigida. Saxifraga umbrosa is abundant from the base to the 
summit. 
Nepuin Summir. 


2640 feet. 
Potentilla tormentilla. Rumex acetosa. 
Saxifraga umbrosa. Luzula sylvatica. 
Galium saxatile. Anthoxanthum odoratum. 
Calluna vulgaris. Aira flexuosa. 


Empetrum nigrum. Asplenium dilatatum. 


Vaccinium myrtillus. Festuca ovina. 
Armeria maritima. Lycopodium selago. 


NortH-East S ope. 
2500 feet. 
Carex rigida. 
2450 feet. 
Saxifraga stellaris. | Salix herbacea. 


NortH-wEst SLoPE. 


2300 feet. 
Melampyrum montanum. 


SoutH Spur. 


1830 feet. 
Salix herbacea (lower limit). | Antennaria dioica. 


1870 feet. 


Silene maritima. 


1750 feet. 
Erica cinerea. 


1660 feet. 
Arctostaphylos uva-ursi. 


1490 feet. 
Hieracium anglicum. 


WerstTERN SLOPE. 
1290 feet. 


Solidago virgaurea. | Erica tetralix (upper limit). 
Hymenophyllum unilaterale. 
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WESTERN SLopE—continued. 


1240 feet. 
Antennaria dioica Gaaeee Arctostaphylos uva-ursi 
Lycopodium selago : (lower limit). 

1000 feet. 

Empetrum nigrum (lower limit). 

700 feet. 
Comarum palustre. | Lychnis flos-cuculi. 

500 feet. 
Cratdegus oxyacantha. | Drosera anglica. 

D. rotundifolia. 

250 feet. 
Sanicula europea. Lastroea cemula. 
Tlex aquifolium. Osmunda regalis. 


In Crampaum woods few plants of interest were observed, the trees 
have been already mentioned. Along the mountain’s western base were 
noted Bidens cernua, Crepis paludosa, Pinguicula lusitanica, Hypericum 
androsemum, Scirpus setaceus, S. savit, Habenaria chlorantha, H. 
bifolia, Plantago maritima (low inland level), Festuca sevwroides, Carex 
pulicaris, C. sylvatica, and other commoner sedges; while to the 
west of the road, in a very wet bog between it and Crampaun river, 
I observed Utricularia minor, U. intermedia, Drosera intermedia, Allium 
ursinum (by the river), Schenus nigricans, Rhynchospora alba, Carex 
paniculata, C. ovalis, C. limosa, and C. filiformis. These two last rare 
species I have several times noted together in the wettest spongy 
bogs in Mayo and Galway. 

A few miles westward of Nephin, across the valley of the Cram- 
paun river, lies a cluster of mountains around the head of the Skirdagh 
river, of which the highest are Birreencorragh, 2295 feet, and Buck- 
oogh, 1900 feet above Lough Feeagh, which is almost an estuary 
from Clew Bay. These are uninteresting mountains, devoid of cliffs, 
and unsuitable for genuine alpine plants, none of which were met 
with. A series of notes on the upper ranges of lowland species was 
made, however, and a few interesting mountain plants are recorded. 
On the south-eastern slopes of Birreencorragh there are cultivated 
fields to about 400 feet ; the highest I met with in the west. 


BIRREENCORRAGH, SouTH SIDE. 


2000 fect. 
Silene maritima. | Armeria maritima, 


06 Proceedings of the Royal Irish Academy. 


BIRREENCORRAGH, South SipE—continued. 
1500 feet. 
Erica cinerea (appears). 
1200 feet. 


Erica tetralix (appears). 


1150 feet. 


Antennaria dioica. | Narthecium ossifragum. 
Lycopodium selago. 


Heap oF THE SxrrpacuH Rrver. 


1100 feet. 
Linum catharticum. Carduus pratensis. 
Bellis perennis. Prunella vulgaris. 
Holcus lanatus. 
900 feet. 
Carex fulva. 
775 feet. 
Alchemilla arvensis. | Myrica gale. 
600 feet. 
Eleocharis multicaulis. | Pteris aquilina (appears). 


* “SOUTH-EASTERN SLOPES, TOWARDS DEeRRYRoE Brice. 


380 feet. 
Anthemis chamomilla. | Agrostis pumila. 

350 feet. 
Nympheea alba. : | Eriocaulon septangulare. 
Hypericum elodes. Scirpus fluitans. 


Utricularia intermedia. Carex limosa. 


Lobelia dortmanna. | Rhynchospora alba. 
Menyanthes trifoliata. | C. filiformis. 


BucKrooea. 


1920 feet. 
First six of Nephin, and Juncus squarrosus. 
Solidago virgaurea. J. effusus. 
Pinguicula vulgaris. Eriophorum polystachyon. 
Luzula sylvatica. Scirpus ceespitosus. 
L. campestris. | Festuca ovina. 


Aira flexuosa. 


2 
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East S1IpDeEz. 


1880 feet. 
Scabiosa succisa. 


1680 feet. 
Oxalis acetosella. 


Lake NAMBRACKKEAGH. 


1180 feet. 
Trifolium repens. Salix aurita. 
Lysimachia nemorum. Potamogeton natans. 
Lobelia dortmanna. Sparganium minimum. 
Litorella lacustris. Carex vulgaris. 


Isoetes lacustris. 


To the west of this cluster of mountains a long valley runs north 
from Lough Feeagh, along the eastern flanks of the Nephinbeg range, till 
it meets the great moorland west of Crossmolina,through which the Deel 
river runs. About ten miles north of Lough Feeagh, near Deel Bridge, 
there is a multitude of small lakes on this wet moor, in which I found 
Eriocaulon septangulare, a station somewhat north of the line marking 
its range in Mayo, as given in the ‘‘ Cybele Hibernica.’’ Mamm-y-Kelly, 
1205 feet, rises from this moorland, and forms the northern extremity 
of the Corslieve range, which is continuous in direction, and forms one 
with the Nephinbeg range. They are, however, severed by a low 
valley, 750 feet, between Corslieve and Nephinbeg, and there is a still 
lower one between Nephinbeg and Glenamorig. The whole chain 
runs about fifteen miles southwards to the waters of Clew Bay. Much 
of it is over 2000 feet above sea level, and it rises to nearly 2400 feet 
in two or three points. These mountains are chiefly quartzite, of the 
barrenest description, and contain a poor flora. Salix herbacea and 
Carex rigida, two of the few plants which thrive on this formation, 
are, however, very abundant. These and Arctostaphylos wa-ursi 
were the only Alpines met with; the occurrence of Carex rigida at so 
low a level as 860 feet is very remarkable. J walked this range from 
north to south, leaving my car about two miles north of Deel Bridge, 
and finishing the same night at Newport. This was intended to be a 
preparatory exploration; but these mountains appeared utterly un- 
worthy of a second botanical visit. They are wild and grand and 
rugged enough, with many a bit of lovely scenery, as about Scardaun 
Lake; but one gets to know the capabilities of mountains for contain- 
ing varieties, and the few likely places at sufficient altitude were 
searched with very slight success. The highest point of the Corslieve 
group is called ‘“‘ Laghtdauhybaun”’ on the map. I did not hear this 
‘‘jaw-breaker”’ used in the country, and I may be excused if I call it 
all Corslieve. 
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CorsLIEVE, DoOwN To NortH-East. 


2320 feet. 
Saxifraga umbrosa. | Salix herbacea. 
Carex rigida. 
2250 feet. 
Melampyrum montanum. | Empetrum nigrum. 
2025 feet. 
Carex rigida. | C. pilulifera. 
C. binervis. 
1750 feet. 


Hymenophyllum unilaterale. 


1700 feet. 
Pyrus aucuparia. 


Laxt DroumpeEre. 


1330 feet. 
Saxifraga umbrosa. | Iscetes lacustris. 


600 feet. 


Epilobium obscurum. | Pinguicula lusitanica. 
Equisetum sylvaticum. 


Wet Moor at 250 feet. 


Lychnis flos-cuculi (white). Eriocaulon septangulare. 
Lobelia dortmanna. Rhynchospora alba. 
Utricularia minor. Eleocharis multicaulis. 


Down SovutH TOWARDS ScARDAUN LAKE. 


2000 feet. 


Saxifraga stellaris. | Oxalis acetosella. 
Carex rigida. 


1700 feet. 
Crepis paludosa. 


1600 feet. 
Sedum rhodiola. 


1400 feet. 
Saxifraga stellaris. 
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Scarpaun Lake, N.-E. Corner. 


860 feet. 
Lobelia dortmanna. Narthecium ossifraga. 
Iris pseudacorus. Carex rigida (lower limit). 
Isoetes lacustris. 


NEPHINBEG. 


2060 to 1900 feet. 
Carex rigida. 


Sourn Sipe. 
1425 feet. 
Erica cinerea. 


1325 feet. 
Holecus lanatus. 


850 feet. 
Eleocharis multicaulis. 


GLANAMORIG, Down N.-W. 


2100 feet. 
Salix herbacea. | Carex rigida. 


1750 feet. 
Narthecium ossifragum. 
1700 feet. 

Salix herbacea (lower limit). 
1600 feet. 

Carex rigida (lower limit). 
400 feet. 
Hymenophyllum tunbridgense. 


325 feet. 
Antennaria dioica. | Arctostaphylos uya-ursi. 


RivegeE Sout oF GLENAMORIG. 
2300 to 1750 feet. 
Carex rigida (abundant). 


2200 feet. 
Poa annua. 
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Westwards of this chain of mountains the land subsides to lower 
levels along Blacksod Bay and. Bellacragher (Ballycroy) Bay. The 
latter winding, narrow estuary, runs down from the northwards to 
within an English mile of Clew Bay on the south. This peninsula, 
about six or seven miles in diameter, is called Curraun Achill, and is 
separated by the narrow strait of Achill Sound from Achill Island. 
Curraun Achill is known to botanists as being the head-quarters of the 
Mediterranean heath in Ireland. It is all mountainous: consisting of 
a detached peak (1500 feet) in the northern part, which I did not 
examine, and a wide table-land at about 1300 feet, rising in places to 
1700 feet, above sea level, which includes the chief southern part of 
the promontory. This table-land is composed of quartzite, and subse- 
quently of horizontally stratified sandstones and conglomerates, which 
break away into regular terraces along its north-eastern edge of a 
picturesque and unusual character. This sandstone is, I believe, 
lower carboniferous ; it soon, however, gives place to the perpetual 
quartzite forming the greater part of Curraun. On the table-land, at 
1200 feet, Arctostaphylos, Empetrum, and Juniper form a carpet, 
the first and last being remarkably abundant. At a greater height 
Sahz herbacea and Carex rigida were, as usual, met with, and with 
these a rarer alpine species, Lycopodium alpinum, which was only 
seen in two or three places in the west. 


Curraun ACHILL, Down NoRTH-EAST. 


1560 feet. 


Salix herbacea. | Carex flava. 
Lycopodium alpinum. 


1200 feet. 


Lotus corniculatus. Plantago maritima. 
Arctostaphylos uva-ursi. Empetrum nigrum. 
Armeria maritima. Juniperus nana. 


200 feet. 
Hymenophyllum tunbridgense. | H. unilaterale. 


150 feet. 
Erica mediterranea. 


Sour oF Frrry, nnar Sa LEvet. 


Sparganium natans. | Rhynchospora alba. 


The Island of Achill is shaped somewhat as a right-angled triangle, 
the shorter sides running due north and south, east and west. From 
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the north-east corner it is about fifteen miles to Achill Head, the 
western extremity, and about the same distance along Achill Sound to 
Achill Beg Island on the extreme south. The base line from north- 
west to south-east is curved far inwards, and the whole coast line 
thoroughly “nook-shotten.” The ferry by which the island is reached 
lies about the middle of the eastern side of the island. It is hardly a 
stone’s throw across, and fordable at low water. From this point to 
the missionary settlement on the northern coast of the island is about 
ten miles, where comfortable quarters are available at Mr. Sheridan’s 
hotel, whose enthusiastic love for natural history, and ability and wil- 
lingness to act as guide, add to the interest of a visit. The settlement 
is situated at the eastern base of Slieve More, 2204 feet, the highest 
point of Achill. This mountain slopes gradually to the sea. Soon, 
however, the coast line rises again, becoming more and more precip1- 
tous, till it finally culminates in the noble range of cliffs at Croghaun, 
2192 feet, about five miles west of Slieve More. A day along these 
higher parts of Achill gave the undermentioned results. The forma- 
tion is quartzite chiefly, and the flora appears uninteresting. I searched 
several likely places for the more remarkable west of Ireland plants ; 
but, with the exception of London Pride and Maiden Hair fern, none 
were met with. The discovery of the latter is not due to me; but it 
has not, I think, been previously recorded. As I had expected, the 
alpine sedge and willow, so prevalent in the west, occur at suitable 
heights on the quartzite of Achill. : 


SLrEvVE More (pown East anp Norru-Easr). 


_ 2200 feet. 
Oxalis acetosella. Armeria maritima. 
Vaccinium myrtillus. Empetrum nigrum. 
Plantago maritima, &c. 
2080 feet. 


Saxifraga stellaris. 


2030 feet (and upwards). 
Salix herbacea Lc Carex rigida 
1780 fect. 
Saxifraga umbrosa (and up- 


wards). 
Melampyrum pratense. 


Solidago virgaurea. 
Luzula sylvatica. 
Carex flava. 
Hymenophyllum unilaterale. 
1430 feet. 

Pyrus aucuparia. Hieracium anglicum. 
Sedum rhodiola. Asplenium trichomanes. 
Hymenophyllum tunbridgense. 
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At oR NEAR SEA LEVEL. 
Sedum rhodiola. Empetrum nigrum. 
Samolus valerandi. Salix repens. 
Pinguicula vulgaris. Scirpus savil. 
P. lusitanica. Keeleria cristata. 


CROGHAUN. 


1900 feet. 
Oxalis acetosella. Lastroea dilatata. 


Salix herbacea. Hymenophyllum wilsoni. 
North Face. 
1825 feet. 
Saxifraga stellaris. | Carex rigida. 


East S1Ipe. 
1480 feet. 
Polygala depressa. Narthecium ossifragum. 
Pinguicula vulgaris. Juncus effusus. 
Sourn SIDE. 


1300 feet. 


Arctostaphylos uva-ursi. J giao 
Juniperus nana. 


East Srpe. 


800 feet. 
Pinguicula lusitanica. 


800 feet. 
Sedum anglicum. 


Near Sea LeEvet. 


Adiantum capillus-veneris. 


At the ferry at Achill I observed Senebcera didyma—the most 
northern point it seems to have spread to on the west of Ireland. 
Near Newport, by the roadsides and elsewhere, were observed Hupa- 
torium cannabinum, Pastinaca sativa, Carex teretiuscula, and Juncus 
glaucus ; and in a brackish pond, Carex vulpina and Ruppia maritima. 
None of these last, except Eupatorium, which appeared to me very 
rare in the western mountainous districts, are recorded in the ‘‘ Cybele 
Hibernica”’ from District 8. Between Newport and Mulraney I saw 
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Apium graveolens, Bidens cernua, B. tripartita, Scirpus tabernemontant, 
and Sparganium natans, the latter being especially plentiful in a pond 
about half way on the seaward side of the road. A willow, apparently 
Saliz purpurea, in wet hedges along the roadside between Newport 
and Westport, may be worth examining when in flower, but it is pro- 
bably planted. 

The mountains of Mayo considered so far lie to the north of Clew 
Bay. I shall now describe the vegetation of those situated in the 
southern part of the county. There is a considerable increase in the 
variety of species to be met with both of lowland and mountain plants, 
as compared with the barren district we are leaving behind. There is 
also, fortunately, a considerable increase in the accommodation to be 
met with; and, although there are no more maritime cliffs akin in 
grandeur to those of Achill, there is far more loveliness of lake and 
mountain scenery, ever increasing as we travel south to Connemara. 
The most conspicuous feature on the southern side of Clew Bay, per- 
haps in the whole west of Ireland, is Croaghpatrick, 2510 feet. This 
mountain is easy of access from Westport, there being, I believe, a 
bridle-path to the summit; and I had almost concluded, since no 
plants of interest have been accredited to it, that it had been long 
known to contain none, the more so since it appeared to be composed 
of the inevitable and inhospitable quartzite. The ‘‘ Cybele Hibernica”’ 
has but two records from Croaghpatrick, Srlene maritima and Armeria 
maritima, both unimportant. ‘These are due to Dr. Patrick Browne. 
The mountain has therefore been botanized; and, since it is the Irish 
locality for the only Irish alpine butterfly, Hrebia cassiopeia, as I am 
informed by Mr. More, it has by no means escaped the attention of 
naturalists. Fortunately, however, I determined to try for myself, 
and a fine northern face of precipitous declivities looked and proved to 
be worthy of a botanist’s attention. Before describing the flora of 
Croaghpatrick, I must say one word for the view from the summit. 
It does not equal in grandeur that from Carran Tuohill, or in rugged 
wildness that from Slieve Snacht West in Donegal; but, as I think, no 
other point in Ireland, with its wide and varied prospect of lake and 
mountain, island and ocean, gives a scene of such surpassing loveliness 
as Croaghpatrick. 

‘The Reek,” as this mountain was formerly called, sloping gradu- 
ally to the water’s edge as it does, is well suited for noticing the 
vertical range of plants. Greater accuracy with the aneroid was per- 
haps here arrived at than in the previous ranges, so that a more 
copious series of observations will be recorded. These were chiefly 
taken on the northern face, and on this face an interesting assemblage 
of alpine plants was discovered. These were: Oxyria reniformis, Saus- 
surea alpina, Thalictrum alpinum, Asplenium viride, and Salix herbacea, 
as well as other commoner ones, all in plentiful quantity. Saussurea 
alpina has not been previously gathered in Mayo or Galway. Thalic- 
trum alpinum and Asplenium viride only ina single locality each. Carex 
rigida, as is sometimes the case, is supplanted here by Carex flava. 
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The rock, or rather shingle, amongst which these plants grow is a 
rapidly disintegrating schistose rock. The slopes are very steep and 
of insecure footing, but with a little care all these plants may easily 
be viewed, and the risk is rather that of a slide upon gravel than a fall 
amongst cliffs. 

CRoAGHPATRICK. 


Summit, 2510 feet. 
The first twelve of Nepuin and Rumex acetosella 


Juncus squarrosus. l Poa annua. 
Down Sovrn-EHast. 
2350 feet. 


Carex binervis. 


1850 feet. 
Eriophorum yaginatum. 


1740 feet. 
Juniperus nana. | Lycopodium selago. 
1690 feet. 
Erica cinerea (begins). 
1670 feet. 
Antennaria dioica. 


Down Norra. 


1900 feet. 

Viola sylvatica. | Jasione montana. 
Melampyrum pratense. 
1850 feet. 
Urprer Limit or ALPINE PLANTS. 

Salix herbacea. C. pilulifera. 
Carex flava. C. binervis. 

1800 feet. 

Asplenium viride. 

1740 feet. 
Sedum rhodiola. Oxyria reniformis. 
Hedera helix. Blechnum boreale. 
Euphrasia officinalis. Asplenium viride. 


Polypodium vulgare, 
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CROAGHPATRICK—continued. 


1650 feet. 
Cardamine hirsuta. Taraxacum dens leonis. 
Sagina procumbens. Hieracium anglicum. 
Rubus saxatilis. Primula vulgaris. 
Scabiosa succisa. Carex panicea. 

Lastroea dilatata. 

1630 feet. 
Senecio jacobeea. Rhinanthus crista-galli. 
Hieracium anglicum. Plantago lanceolata. 


Lastreea filix-mas (var. abbreviata). 


1590 feet to 1570 feet. 


Ranunculus repens. Oxyria reniformis (lower 
Thalictrum alpinum. limit). 
Viola sylvatica. Primula vulgaris. 


Oxalis acetosella. Thymus serpyllum. 
Sedum rhodiola. Euphrasia officinalis. 
Angelica sylvestris. Salix herbacea (lower limit). 
Saussurea alpina (lower limit). | Carex flava. 
Crepis paludosa. Eriophorum polystachyon. 
Taraxacum densleonis. E. vaginatum. 
Campanula rotundifolia. Asplenium trichomanes. 

A. viride (lower limit). 


Polygala vulgaris. | Pinguicula vulgaris. 


1560 feet. 
Erica cinerea (begins). 
1390 feet. 
Dabeeocia polifolia. 

1370 feet. 
Ranunculus flammula. | Stellaria uliginosa. 
Cardamine pratensis. Cerastium triviale. 
Viola palustris. Myosotis repens. 
Trifolium repens. Callitriche platycarpa. 

1300 feet. 

Pteris aquilina. 

1280 feet. 
Digitalis purpurea. | Orchis maculata. 

1170 feet. 


Erica tetralix. 
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CroaGHPATRICK—continued. 


1000 feet. 
Solidago virgaurea. Empetrum nigrum (lower 
limit). 
820 feet. 
Carduus palustris. | Anagallis tenella. 
630 feet. 
Cotyledon umbilicus. Scilla nutans. 
Pyrus aucuparia. Lastreea eemula. 
300 feet. 


Ulex europaeus. 


250 feet (Cultivation begins). 


At sea level, at the base of Croaghpatrick, I noticed on the south 
side of the road in deep ditches by a pond Alisma ranunculoides, Sparga- 
nium natans, and Carex paniculata ; and on the shore at the north side of 
the road, Keleria cristata, Carex extensa, C. distans, and Statice bahu- 
svensis, with commoner species. Statice has not been found north of 
Clifden on the west coast previously. On the way to Westport I 
noticed Giyopodium podagraria, not before recorded from western Mayo 
or Galway. 

From the summit of Croaghpatrick, the most prominent group of 
mountains in view is that of Mweelrea, about eight or ten miles 
distant in a south-westerly direction. Mweelrea, 2688 feet, is the 
highest summit in the west of Ireland, north of Brandon. Seen at a 
distance it appears to be continuous with the rest of the mountain 
land around Doo Lough, and these high table-lands, north of Killary 
fiord at the south-west corner of Mayo, will be best considered as one 
mass divided into three distinct portions by low-lying river valleys. 
These mountains are composed of Silurian slates chiefly with sand- 
stones, schists, and conglomerates, and we no longer meet with the 
dome-shaped or conical summits usual to the quartzite formation. At 
Cead-na-binnian there is a considerable exposure of gneiss. Plateaus 
bounded by long ranges of precipices, ridges, and gullies, ending in 
ravines with sheer sides and dangerous nooks and corners, promised 
well for alpine botany. Amongst these I climbed every day for a 
week in constant expectation, but I met with no such variety as I had 
hoped: there were, however, some interesting discoveries made. 

Taking the southern end of Doo Lough as the centre, the three 
valleys dividing the mountains radiate at about equal angles from this 
point. Of these, one, that of Delphi, Fin Lough, and Bundorragha 
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river, runs a little west of south to Killary fiord; while a second, that 
of Glenummera river, Tawnyard Lough, and Owenduff river, runs 
east to the Erriff. Between these two valleys and that of the Erriff 
on the south, none of which are more than 200 feet above sea level, 
lies a triangular tract of land rising gradually westwards to table- 
lands, and ridges about 2300 feet. These have no name on the Ordi- 
nance Map, and other sources gave me choice of Ben Cregan, 
Cead-na-binnian, or Ben Gorm, to stand for the mass. The third 
valley is that of Doo Lough, Lough Cullin, and Lough Connel, 
running north-west, and leading us by low levels to the sea. Be- 
tween it and the Glenummera, or rather to the north of these valleys 
lies a mountainous tract, reaching a height of over 2400 feet in several 
points and ridges, and cut into by valleys, of which the chief is that of 
the Glen Laur river ; the highest point lies above Doo Lough, and is 
called by the natives Delphi mountain, while running east from it is a 
long elevated spur, called Loughty mountain, ending in the Glen Laur 
valley. As before, the inch Ordinance Map gives no name for these 
mountains. To the west of Doo Lough valley, and enclosed by it, 
Killary fiord and the Atlantic, lies Mweelrea fronting the mouth of 
the fiord and curving in a grand tabular ridge, 2600 feet high, to the 
north, above two tarns in a coomb at 1200 feet. This ridge bounds 
a long valley, that of the Owenaglogh river, with an eastward sweep 
till it terminates in abrupt declivities above Lough Doo and in the 
black, barren, sunless precipices and gorges of Ascokeerin, around the 
head of Glencullin. These latter I climbed from base to summit, 
full of hope, 2000 feet of cliffs, but they yielded no rarities. 

In average weather the scenery here is delightful, and there is 
much to interest the lover of nature. At the mouth of the Killary I 
saw a pair of golden eagles upon two occasions, and choughs, ravens, 
and peregrines, all were met with. The pass of Delphi and Doo Lough, 
buried in the mountains, are the most imposing scenes of wild gran- 
deur in the west. 

I spent a week amongst these mountains, chiefly at higher levels, 
of which I made a careful examination. One or two of the lakes at low 
levels, and the Atlantic coast line, I did not explore, these being 
somewhat outside my subject. I endeavoured here, however, as in 
Kerry last year, to obtain a knowledge of the lowland flora of the 
immediate neighbourhood with a view to seeing what species are 
unable to ascend the slopes; and what mountain plants can, in so 
tempting a situation, descend to sea level. I will first give an account 
of the northern section of the Mweelrea mountain group, starting as 
usual with the highest point. The commoner species are not repeated, 
but will be enumerated under the highest summit of all, Mweelrea. 
The alpine species occurring are, Oxyria reniformis, Saxifraga stellaris, 
S. oppositifolia, Vaccinium vitis-cdea, Lycopodium alpinum, Salix 
herbacea and Carex rigida, the last three and Saxifraga stellaris alone 
being frequent. The other three occur, together with Cystopteris fragi- 
lis, very sparingly in one place only. 
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Detrut Mt., neak SumMIr. 
2550 feet. 


Achillea millefolium. P. lanceolata. 
Plantago maritima (var. 
alpina). 


Down WEstT. 


2000 feet. 


Equisetum palustre. 


Down Sovutu- West, aBove LoveH Doo. 
1600 feet. 
Dabeocia polifolia. 
1550 feet. 


Rosa pimpinelloides. Salix aurita. 
Lonicera periclymenum. Juniperus communis. 


1500 feet. 
Betula alba. 


800 feet. 
Pteris aquilina. 
600 feet. 
Ilex aquifolium. 


400 feet. 


Carex pallescens. 


Lovexty Mr. 
(Ridge above Lough Bawn). 
Cliff 2458 feet. 


Lycopodium alpinum. 


2400 feet. 
Geum rivale. Oxyria reniformis. 
Saxifraga oppositifolia. Salix herbacea. 
Antennaria dioica. Cystopteris fragilis. 


Vaccinium vitis-idea. 
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Loventy Mr.—continued. 


2350 feet. 
Achillea millefolium. Plantago maritima (var. al- 
Leontodon autumnalis. pina). 
Armeria maritima. Eriophorum polystachyon. 


Down to Gurn Lave. 
1750 and 1630 feet. 
Dabeocia polifolia (appears. ) 


1050 feet. 
Saxitraga stellaris. | .  Montia fontana. 
770 feet. 
Erica tetralix (appears. ) | Myrica gale (appears. ) 
630 feet. 
Epilobium palustre. Betula alba. 
Pyrus aucuparia. Salix aurita. 
500 feet. 


Crategus oxyacantha. 


By Guen Laur River, NEAR SHEFFRY. 


250 feet. 


Rosa tomentosa. Habenaria chlorantha. 
Stachys palustris. Ceterach officinarum. 


Lower Down, to Errirr Meetine. 


Thalictrum minus (var. Crepis paludosa. 
flexuosum). Plantago maritima (inland 
Sarothamnus scoparius. | locality). 


(inanthe crocata. Utricularia intermedia. 
Viburnum opulus. Habenaria albida. 


Loventy Mt., Down Sourn to GLENUMMERA. 
2050 feet. 
Empetrum nigrum. | Cerastium triviale. 
1250 feet. 


Bellis perennis. 
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Loveuty Mr. Down Sovrn to GrENUMMERA—contonued. 
500 and 400 feet. 


Carex fulva. | C. cederi. 


RIDGE BETWEEN GLENUMMERA AND ERRIFF. 
1000 feet. 


Orchis latifolia. | Carex fulva. 


Crossing the Glenummera river we come to Ben Cregan and Ben 
Gorm. 

The alpine species met with are: Oxyria reniformis, Salix herbacea, 
and Carex rigida. 


Brn Gorm Tasii-Lanp 
(Down north and west towards Delphi). 
2200 feet. 


Potentilla tormentilla. 
Saxifraga umbrosa. 
Galium saxatile. Carex pilulifera. 
Jasione montana. Nardus stricta. 


Juncus squarrosus. 
Calluna vulgaris. | Agrostis vulgaris. 


Ereophorum vaginatum. 


Vaccinium myrtillus. Aira alpina. 
Thymus serpyllum. Festuca ovina. 
Luzula campestris. 


2150 feet. 
Viola sylvatica. C. rigida. 
Salix herbacea. | Blechnum boreale. 
Carex pilulifera. 
2100 feet. 
Campanula rotundifolia. | Antennaria dioica. 
| 1940 feet. 
Pinguicula vulgaris. | Orchis maculata. 
1850 feet. 


Oxalis acetosella. Hymenophyllum unilaterale. 
Asplenium dilatatum. 


1550 feet. 


Plantago maritima. 
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Ben Gorm TABLE-LAND—continued. 


1200 feet. 
Digitalis purpurea. 
750 feet. 
Pteris aquilina. 

200 feet. 

Myrica gale. | Carex fulva. 
Down Sours to Kinnary. 

2050 feet. 
Erica cinerea. | C. flava. 
Pinguicula vulgaris. Aira flexuosa. 


Eriophorum polystachyon. Lycopodium selago. 


Narthecium ossifragum. A. coespitosa. 
Carex panicea. 


2030 feet. 
Viola palustris. | Scirpus czespitosus. 
1900 feet: 
Lycopodium clayatum. 
1850 feet. 
Salix herbacea. 
1600 feet. 
Luzula campestris. 
1350 feet. 
Dabeocia polifolia. 
1100 feet. 
Drosera rotundifolia. | Scheenus nigricans. 
800 feet. 
Anagallis tenella. 


Down East to AsHiEacH Brivae. 


2030 feet. 


Armeria maritima. Carex rigida. 
Oxyria reniformis. Hymenophyllum unilaterale. 
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Down East to AsHiEAcH Bripce—continued. 
1880 feet. 
Empetrum nigrum. | 


800 feet. 
Erica tetralix. 


Salix herbacea. 


Wert Boe sy Ereirr River. 
Carex filiformis. 


We will next examine Mweelrea, not only the highest mountain 
in Connaught, but with much the most considerable extent of elevated 
ground. The alpine species are: Saxifraga stellaris, Sedum rhodiola, 
Meracium anglicum, H. iricum, Arctostaphylos uva-ursi, Oxyria reni- 
Jormis, Salix herbacea, Carex rigida, Aira alpina, Lycopodium alpinum, 
L. selaginoides, Isoetes lacustris. 


Mweetrea Summit. 


2680 feet. 


C. binervis. 

Scirpus czespitosus. 
Luzula sylvatica. 

L. campestris. 

Juncus squarrosus. 
Nardus stricta. 
Anthoxanthum odoratum. 
Agrostis vulgaris. 

Aira ceespitosa. 


° 


Festuca ovina. 


2640 feet. 


Armeria maritima. 


2600 feet.- 


Potentilla tormentilla. 
Saxifraga umbrosa. 
Calluna vulgaris. 
Vaccinium myrtillus. | 
Thymus serpyllum. 

Rumex acetosa. | 
R. acetosella. 
Eriophorum vaginatum. 
Carex pilulifera. 


Campanula rotundifolia. 
Solidago virgaurea. 
Melampyrum pratense. 


Plantago maritima. 
Salix herbacea. 
Carex rigida. 


Aira flexuosa. 


East AND SouTH-EAsT TO BuNDORRAGHA. 


2590 feet. 


Hymenophyllum unilaterale. 


2440 feet. 


Salix herbacea. 
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East anp SoutH-East To BunpoRRAGHA—continued. 


2380 feet. 
Lastroea filix-mas. | L. dilatata. 
Polypodium vulgare. 
2250 feet. 
Blechnum boreale. 
2000 feet. 
Hypericum pulchrum. Pedicularis sylvatica. 
1900 feet. 
Rununculus ficaria. ; Digitalis purpurea. 
Stellaria uliginosa. Primula vulgaris. 
Poa annua. 
1850 feet. 
Vicia sepium. Epilobium palustre. 


Lysimachia nemorum. 


1600 feet. 


Asplenium trichomanes. 


1520 feet. 
Thalictrum minus. Hieracium anglicum. 
Lathyrus macrorrhizus. Plantago lanceolata. 
1500 feet. 
Stellaria uliginosa. Epilobium montanum. 
Plantago lanceolata. 
1430 feet. 
Trifolium repens. | Sedum rhodiola. 
1370 feet. 
Thalictrum minus. | Carduus palustris. 


Salix aurita. 
1330 feet. 
Veronica chameedrys. 


1260 feet. 


Antennaria dioica. 
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LEvEL oF LUGALOUGHAUN. 


1205 feet. 

Ranunculus repens. Myriophyllum alterniflorum. 
R. acris. Callitriche hamulata. 
R. flammula. Senecio aquatica. 
Subularia aquatica. Lobelia dortmanna. 
Alchemilla vulgaris (var. Littorella lacustris. 

montana). Potamogeton natans. 
Galium palustre. Sparganium minimum. 


Eleocharis palustris. 


Down Outer River, SourHwarps. 


1100 feet. 
Spirea ulmaria. | Hedera helix. 
Lathyrus macrorrhizus. Dabeocia polifohia. 
Lonicera periclymenum. Erica tetralix. 
Schcenus nigricans. 
1050 feet. 
Carex glauca. 
1020 feet. 
Callitriche platycarpa. | Prunella vulgaris. 
Carex vulgaris. 
1010 feet. 
Salix phylicifolia (upper limit). 
1000 feet. 
Juniperus nana. | Salix repens. 
980 feet. 
Potamogeton polygonifolius. C. stellulata. 
Carex ampullacea. Lastroea cemula. 
900 feet. 
Osmunda regalis. 
750 feet. 
Drosera anglica. | D. intermedia. 
650 feet. 


Pinguicula lusitanica. 
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Down Outer Rivet, Sourawarps—continued. 


550 feet. 
Salix phylicifolia (lower Myrica gale. 
imit). 
300 feet. 
Lycopodium selaginella. 
Down Crnrrat (OwEnactoce VALLEY). 
480 feet. 
Cynosurus cristatus. Equisetum sylvaticum. 
Poa fluitans. E. limosum. 
Lastreea oreopteris. Pteris aquilina. 
450 feet. 


Pyrus aucuparia. _ Fraxinus excelsior. 
Tex aquifolium. Arundo phragmites. 


Down Cuirrs §. E. to Lucatovenaun Lake. 

2240 feet. 
Saxifraga stellaris. | Oxyria reniformis. 

2100 feet. 
Taraxacum dens-leonis. 
Cardamine hirsuta. Euphrasia officinalis. 
Cerastium triviale. Jasione montana. 
Angelica sylvestris. Aira alpina. 
Chrysosplenium oppositi- Lycopodium selaginoides. 

folium. 


Ranunculus acris. 


1960 feet. 
Valeriana officinalis (and at lake). 


1650 feet. 


Saxifraga stellaris. ) 


Oxyria reniformis. § (lower limit). 


1400 feet. 


Erica cinerea (upper limit). 
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Down Sovurn to Bunnacuass. 


2500 feet. 


Leontodon autumnale. 
2400 feet. 
Viola palustris. | Orchis maculata. 
2000 feet. 
Hypericum pulchrum. 
1800 feet. 
Thalictrum minus. | Carex rigida. 
1600 feet. 


Carex vulgaris. 


1500 feet. 
Erica cinerea. | Dabeocia polifolia. 


1140 feet. 
Salix repens. 
1000 feet. 


Carduus pratensis. 


800 feet. 
Erica tetralix. Carex fulva. 
Myrica gale. Pteris aquilina. 
700 feet. 
Arctostaphylos uva-ursi (to Quercus robur. 
sea). 
500 feet. 
Rosa pimpinellifolia. | Sedum anglicum. 
130 feet. 


Rubia peregrina. 


100 feet. 


Erica mediterranea. 


é 
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Round Ringe asove L. Bettawaum to Loven Doo, Hasrwarbs. 


2450 feet. 
Cerastium triviale. | Carex pilulitera. 
2000 feet. 
Carex pulicaris. 
1600 feet. 
Hieracium anglicum. | Molinia coerulea. 
1450 feet. 
Carduus pratensis. 
1400 feet. 
Pyrus aucuparia. 
940 feet. 
Pteris aquilina. 


550 feet. 
Carex pallescens. 


ASCOKEERIN Ciirrs, Eastwarps 10 GLENCULLEN. 


2660 feet. 
Sedum rhodiola. | Carex rigida. 


1640 feet. 


Carex rigida. 


1450 feet. 
Thalictrum minus, to 400 {| Chrysosplenium oppositi- 
feet. folium. 
Primula vulgaris. 
400 feet. 
Sanicula europoea. | ‘Tlex aquifolium. 


Betula vulgaris. 


Kast oF L. Bettawaum to TawnyorNAN, SOUTHWARDS. 
2500 feet. 


Thymus serpyllun. | Aira alpina. 
Lycopodium alpinum. 
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East or L. Bettawaum To Tawnyornan, SourHwaRDs—continued. 


2400 feet. 
Carex pilulifera. | C. panicea. 


2300 feet. 
Orchis maculata. 
2100 feet. 
Salix herbacea. 
2000 feet. 
Carduus pratensis. 


1900 feet. 
Angelica sylvestris. | Carex flava. 


1650 feet. 
Salix aurita. 
1350 feet. 
Digitalis purpurea. | Salix caprea. 
1150 feet. 


Carduus palustris. 


1100 feet. 

Juniperus nana. | EKquisetum sylvaticum. 
750 feet. 

Rubus fruticosus. Betula alba. 

Quercus robur. Eleocharis multicaulis. 


To Doo Love, NorrH-EAstwakDs. 
2450 feet. 
Salix herbacea. 
2300 fect. 
Saxifraga stellaris. | Solidago virgaurea. 
2200 feet. 
Asplenium dilatatum. 
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To Doo Loven, Nortu-Eastwarps—continued. 


2100 feet. 
Saxifraga stellaris. | Aira alpina. 
Carex rigida. Lycopodium selaginella. 
2050 feet. 
Galium saxatile. Pedicularis sylvatica. 
Sedum rhodiola. Lycopodium selago. 
1900 feet. 
Carex rigida. 
1480 feet. 
Menyanthes trifoliata. | Lycopodium selago. 
850 feet. 
Hypericum androscemum. | Veronica officinalis. 
Y. chameedrys. 
670 feet. 
Asplenium adiantum-nigrum. 
650 feet. 
Thalictrum minus. Hieracium anglicum. 
Bunium flexuosum. H. iricum. 
550 feet. 
Sedum rhodiola. | Campanula rotundifolia. 
Nardus stricta. 
450 feet. 
Asplenium trichomanes. 
380 feet. 
Rubus saxatilis. | Carex pallescens. 
C. pilulifera. 
350 feet. 
Thalictrum minus. Hieracium anglicum. 
320 feet. 
Jasione montana. Carex pallescens. 
250 feet. 
Hypocheeris radicata. Corylus avellana. 


Antennaria dioica. Lastroea cemula. 
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In addition to the alpine species already mentioned amongst the 
Mveelrea mountains, other local plants were noticed in new localities, 
and may be separately mentioned. There are Rubia peregrina, Scro- 
phularia aquatica, Carex pallescens, C. filiformis, Lotus major, Erto- 
caulon septangulare, Thalictrum minus, Utricularia intermedia, Habenaria 
albida, Sparganium minimum, Lycopodium clavatum, Gnanthe lachenali, 
@. crocata, and Rubus saxatilis. 

On the south side of the valley of the Erriff, at the head of 
Killary fiord, and north of Joyce’s river, a range of mountain forms 
the boundary between the counties Mayo and Galway. From Letter- 
brickaun, a village and hill about half a-mile east of Leenane, this high 
land extends, in a north-eastern direction, in a series of extensive 
and remarkably level table-lands, with numerous small and barren 
ponds and lakes, at an elevation of about 2000 feet for about six miles, 
when it gradually subsides. These mountains are variously called 
Maumtrasna, Partry, and Letterbrickaun mountains, and the table-land 
is, I believe, Formnamore table-land. They are chiefly composed of 
sandstone and sandstone conglomerate, of carboniferous age, with 
considerable areas of granite and gneiss. The table-land is a waste of 
disintegrated conglomerate, and the whole chain is unusually bar- 
ren. As on Croaghpatrick, Carex rigida is replaced by Carex flava. 
I have also noticed this on the Galtee mountains in Tipperary. The 
only alpine species observed were Salix herbacea, Juniperus nana, and 
the sub-alpine Wieracium anglicum. Aira alpina, an alpine form of 
A. cespitosa, is abundant. 

The following notes were taken :— 


MAvUMTRASNA AND LETTERBRICKAUN. 


2150 feet. 


Hieracium anglicum. 


21380 feet. 
Eriophorum polystachyon. 


2120 feet. 
Antennaria dioica. | Vaccinium myrtillus. 
Solidago virgaurea. | Juncus squarrosus. 
Campanula rotundifolia. Nardus stricta. 
Calluna vulgaris. Aira alpina (and at 2100). 
1850 feet. 


Salix herbacea. 
Carex flava. 
Lycopodium selago. 


Stellaria uliginosa (and at 
1750). 
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MAUMTRASNA AND LETTERBRICKAUN—continued. 


1800 feet. 
Empetrum nigrum. 
1750 feet. 
Ranunculus ficaria. | Epilobium palustre. 
Geum rivale. | Erica cinerea. 


LETTERBRICKAUN, Down Wesv. 
2000 to 1950 feet. 
Salix herbacea. 


1900 feet. 


Dabeocia polifolia. | Orchis maculata. 


900 feet. 


Bellis perennis. | Carex vulgaris. 


Devyit’s Motner, N.- West Sipe. 


1900 feet. 
Viola palustris. | Pinguicula vulgaris. 
1520 feet. 
Sparganium minimum. Carex ampullacea. 
Eriophorum angustifolium. Juncus uliginosus. 


Mavmrrasna To Gowran Briper, NortHwagps. 


1800 feet to 1350 feet. 


Juniperus nana (upper inland limit). 


800 feet. 


Erica tetralix. 
Pteris aquilina. 


Upper limit. 


750 feet. 


Myrica gale. 


Tol 
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The last mountains considered (Maumtrasna) are partly in Mayo, 
partly in Galway, and they are apparently no great acquisition to 
either county, viewed botanically or in any other way. 

Travelling southwards, we shall now take the Galway mountains 
in order, and there will be found on the whole a steady increase in 
the number of alpine plants. West of Leenane, on the Killary, 
the land rises at once to form another chain of mountains which 
stretches southwards to Maumturkmore. From this a ridge of dome- 
shaped quartzite mountains sweep round south-east and east to Mau- 
meen, where there is a deeper valley than elsewhere, and then, bending 
more and more eastwards, it ends with the isolated lumps Corcogemore 
and Leckavrea (Shanafolia), above Lough Shindillia, at the Halfway- 
house from Clifden to Oughterard. The axis of this range would be 
probably about twenty miles; but after walking the whole length, 
summit after summit, from the Halfway-house to Leenane hotel, I 
concluded it to be nearer double that distance on foot. A zig-zag 
series of beehives best gives an idea of this remarkably bold and con- 
spicuous range; each beehive being connected with its successor and 
predecessor by ridges, frequently several hundred, or even a thousand 
feet down, and usually altogether out of the lines of summits, and not 
even visible from them, so that compass bearings often lead one far 
astray. Add to this that the footing is mostly a loose detritus of 
heavy angular blocks of quartzite, bare of all sod or vegetation for 
miles, and it will readily be conceived that this is anything but a 
gentle day’s stroll. These plateaux and truncated mounds seem more 
the shattered remnants of a mountain range that nature is endeavour- 
ing to efface, rather than soften with any of her charms. Wherever 
there appeared a chance I made detours and searched for varieties, and 
at the southern end of the chain, especially about Maumeen, which I 
examined carefully, I succeeded in finding a few, some of which had 
previously been observed; but, having passed that oasis, my object 
became more and more steadfastly fixed to hurry out of these inter- 
minable wastes before nightfall, and to visit them no more. The 
Maumturk range is the tangled cluster of the Twelve Bens, stretched 
out in a curved line with their tops rubbed off. The heights are about 
the same, commonly 2000 feet to 2400 feet, and all are chiefly quartzite. 
The chain has, however, lost most of its peaks, the compact mass of the 
Bens having been better able to resist the wearing action of the glacial 
period—during which time the ice-sheet appears to have buried the 
highest points of these mountains—and the denudation of subsequent 
times. The alpine species observed were :—TZhalictrum alpinum, Saxt- 
Fraga oppositifolia, S. stellaris, Sedum rhodiola, Hieracium anglicum, and 
its variety, H. iricum ; Juniperus nana, Salix herbacea, Isoetes lacustris, 
Lycopodium selaginella, L. alpinum. Some other scarce species were ob- 
served, as: Arabis hirsuta, Sagina subulata, Crepis paludosa, Hieracium 
vulgatum (var. gothicum), Lostera cordata, Cystopteris fragilis, and 
Carex filiformis; the latter only at the base of Leckavrea. Saxifraga 
umbrosa is, as usual, abundant; Dabeocia polifolia is an ornament upon 
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all these mountains, south of Clew Bay. <Alchemilla subsericea is a cha- 
racteristic plant amongst the alpine species at Maumeen. 
MauMEEN, aBovE Lake; Rocks tooxine East anp Norru. 
1930 feet. 


Sagina subulata. 


1800 feet. 


Alchemilla subsericea. 


1650 feet. 


Lycopodium selaginoides. 


1580 feet. 
Dabeocia polifolia. 
1520 feet. 
Thaletrum alpinum. | Sagina subulata. 
1200 feet. 
Arabis hirsuta. Salix repens. 
Hieracium anglicum. Lastroea aculeata, and 
H.yulgatum (var. gothicum?). var. lonchitidioides. 
1100 feet. 
Linum catharticum. | Hieracium vulgatum (var. 
Alchemilla subsericea. gothicum ?). 
Saxifraga oppositifolia. H. iricum. 
Lathyrus macrorrhizus. Corylus avellana. 
_  Crepis paludosa. Cystopteris fragilis. 
910 feet. 
Saxifraga oppositifolia (lower Fragaria vesca. 
limit). Carex pulicaris. 
Alchemilla vulgaris. C. binervis. 


Triodia decumbens. 


yA ee. 
770 feet. 


Lobelia dortmanna. | Isoetes lacustris. 
Carex stellulata. | Osmunda regalis. 
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Luckavrea to Maumwer Loven, SourH-EASTERLY. 
1810 feet. 
Dabeocia polifolia. 

300 feet. 

Carex fulva. 
100 feet. 

C. filiformis. 

Down NortHWwaARDS. 
1600 feet. 
Sagina subulata. | Juniperus nana. 


CoRCOGEMORE. 


2000 feet. 
Potentilla tormentilla. Erica cinerea (upper limit). 
Galium saxatile. Vaccinium myrtillus. 
Saxifraga umbrosa. Empetrum nigrum. 
Scabiosa succisa. Juncus squarrosus. 
Solidago virgaurea. Carex vulgaris. 
Campanula rotundifolia. C. pilulifera. 
Calluna vulgaris. Aira flexuosa. 


Lycopodium selago. 


Down Sovuru. 
1650 feet. 
Listera cordata. 
1500 feet. 

Saxifraga umbrosa (disappears). 
Down NorruH-wWESt. 
1900 to 1600 feet. 

Salix herbacea. 

Summit, West oF CoRcoGEMORE. 


1900 feet. 


Carex glauca, 
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Summit, West or CorcogemonE—continued. 


1800 feet. 


Sedum rhodiola. | Hieracium anglicum. 


1700 feet. 


Saxifraga stellaris. 


Riper to Maumnen, From East. 


2000 to 1950 feet. 


Antennaria dioica. Salix herbacea. 
Empetrum nigrum. Lycopodium alpinum. 


Norte Enp or Rane; Guencrorr aABovE Kinpary. 


3800 feet. 


Nasturtium officinale. Carex paniculata. 
Lychnis flos-cuculi. Lastroea oreopteris. 


At the mouth of the Killary, opposite Mweelrea, and a little south 
of the Little Killary, there stands an isolated mass of gneissose moun- 
tains, of which Benchoona, 1975 feet, is the highest point. From it 
to another summit, about half a mile to the north-west, the surface is 
only slightly depressed and very rugged. ‘There is a lake near this 
second summit, at about 1800 feet, in which I gathered Jsoetes lacus- 
tris, with fronds 15 inches long. This detached clump of mountains 
does not appear to have been previously visited by a botanist. I did 
them on the afternoon of a morning spent upon Mweelrea; taking a 
boat across the Killary, and exploring across the hills above Salrock. 
I was informed that the maiden-hair fern had been gathered in this 

“neighbourhood in quantity by an Englishman. I met with it nowhere ir 
Galway. A few alpine species were noticed: Zhalictrum alpinum, 
LMieracium anglicum (var. tricum), Salix herbacea, and Lycopodium sela- 
gnella; Thalictrum minus and Sagina subuiata were also gathered. 
The two Thalictrums are, it will be seen, confined to distinct zones ; 
the latter being chiefly amongst loosely-constructed gneissose cliffs 
looking north-east. This rock is frequently uncommonly dangerous 
to climb. About Salrock I gathered Rubia peregrina, which I also 
found opposite on the Mweelrea side. In small lakes east of Lough 
Fee, Hriocaulon septangulare is abundant, along with the two water- 
lies, at about 200 feet above sea level. Eleocharis multicaulis is now 
a characteristic plant, and much more abundant than in Mayo. Utr- 
cularia intermedia was gathered here also, and Gnanthe crocata, rare in 
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the west, was observed at Derry-na-Sliggan, on the shores of Killary 
Fiord, as was also Carea flava (var. lepidocarpa). This Ginanthe be- 
comes a sea-coast plant in the west of Ireland from Galway north- 
wards. 


BENCHOONA. 


1970 feet. 


Sagina subulata. 


1900 feet. 

Empetrum nigrum. | Salix herbacea (to 1680 feet). 
1800 feet. 

Littorella lacustris. | Isoetes lacustris. 
1600 feet. 


Thalictrum alpinum (to 1300 feet). 


1500 feet. 


Lycopodium selaginella. 


900 feet. 


Thalictrum minus (to 680 Hieracium anglicum (var. 
feet). iricum). 


700 feet. 
Asplenium ruta-muraria. 
500 feet. 


Alchemilla vulgaris. | Hymenophyllum unilaterale. 


Finally, there remains to be considered the mountainous district of 
Bennabeola—the Twelve Bens of Connemara. There are in reality 
seventeen more or less detached summits, from about 1500 to 2400 
feet in height. These are huddled together in a compact mass, though 
several valleys cut far into them. ‘They are well known to all lovers 
of mountain scenery, and their white and fantastic cluster of rugged 
points and ridges is one of the chief beauties and attractions in the 
Connemara district. The formation is chiefly quartzite; but, fortu- 
nately for botanists, one or two peaks are mainly composed of a more 
productive and tractable clayey schist. The valleys penetrating far- 
thest to the heart of the mountains are, Glen Inagh from the east, 
Glencoaghan from the south, and Owenglin from the west. No road « 
leads up any of these valleys for much distance, and a guide would 
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invariably bring a visitor up some peak, probably Derryclare or Ben- 
lettery, to obtain his view of the scenery. In order to understand and 
properly appreciate these mountains, one should penetrate to the head 
of these glens and ascend them. Glencoaghan is, perhaps, the finest 
scenery; while Owenglin will lead the botanist to something worth 
his trouble. 

Well-known mountains like these, within easy access of good roads 
and first-rate hotels, and famed far and wide for their scenery, would 
not be expected to yield fresh matter of interest. I found, however, 
a detached mountain peak here which was quite a treat to study bota- 
nically, so well does it illustrate the peculiar tastes of alpine plants, 
and such an interesting assemblage does it contain. To botanists this 
mountain has been terra incognita, and I appeal to them and others 
who may in future visit this locality to be chary of gathering speci- 
mens. In fact, were it not that my labours are the property of the 
Academy, and knowing how plants suffer, even to extermination, from 
the hands of predatory collectors, 1 would hesitate ere I disclosed my 
discovery. 

Muckanaght, 2155 feet, is about two and a-half miles south of 
Kylemore: two other Bens, Benbaunbeg! and Benfree, intervene 
directly in this line, which was the route I took the first time I 
visited the northern side of Bennabeola. The upper half of this coni- 
cal peak is disconnected; below that it is jomed by necks to Benbaun 
south on the east, and Bencullagh on the west. From the summit it 
looks.into the heart of Bennabeola on the east, opening up ravine, 
peak, and ridge in a most satisfactory manner, and is altogether the 
most picturesquely situated of the group, as well as the best for dis- 
closing the ‘lay of the land.’ On the north it is connected by a 
ridge at about 1000 feet with Benfree; on the south it slopes in a 
series of abrupt declivities to the low valley at the head of Owenglin. 
The rock dips eastwards, exposing similar ledges on the north and 
south faces. No mountain could be better adapted for exhibiting the 
rigorous laws which govern the distribution of alpine plants. On the 
northern face at least a dozen species occur, several of these profusely. 
Half an hour’s scramble will take us round to the south face, to a 
"similar series of rocky declivities, and with the solitary exception of 
Sedum rhodiola, every alpine plant has disappeared, while lowland 
species take their place at the same level, several reaching unusually 
high. The change is remarkably well shown here, since in common 
with other mountains in the west, the alpine flora of Muckanaght is 
best developed at a zone of 1300 to 1800 feet, and fails gradually to 
the summit, so that keeping the same level around the side of the 
mountain, this gradual disappearance is very striking. Salix herbacea 
and Carex rigida are exceptions to the above general remark. These 


1 There are two Benbauns in the Twelve Bens; the northern and smaller one 
may be called Benbaunbeg. 
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usually—the former always—reach the summits of whatever moun- 
tains they occur upon, but they are quite as rigorously confined to 
the northern and north-eastern faces, where all faces and sides are 
exposed. Carex rigida, less abundant than Saliz, does not occur 
upon Muckanaght. The following alpine plants grow within a few 
yards of one another upon this mountain :— 


Thalictrum alpinum. Hieracium anglicum. } 
Sedum rhodiola. H. iricum. 
Saxifraga umbrosa. Oxyria reniformis. 

8. oppositifolia. Salix herbacea. 

S. stellaris. Polystichum lonchitis. 
S. ccespitosa. Asplenium viride. 
Saussurea alpina. Lycopodium selaginella. 


In company with these are IMeconopsis cambrica, Geum rivale, 
Crepis paludosa, and Cystopteris fragilis. Of these, three, Saxifraga 
cespitosa, Saussurea alpina, and Polystichum lonchitis, have not been 
previously found in the Mayo and Galway mountains, and several of 
the others in only one or two localities. So great a variety of Saxi- 
frages does not occur on any other Irish mountain. I have included 
S. umbrosa doubtfully with them to show this feature, as though a 
mountain plant, it cannot be considered alpine in the same sense as 
the others. Immediately below the holly fern is a closely allied form 
of P. aculeatum. I have noticed these in company before. A similar 
companionship exists here and elsewhere in Ireland between Asple- 
nium trichomanes and A. viride, so much so that on meeting either of 
the lowland forms below, the others might almost be expected above 
if suitable situations occur. One other observation and I have done. 
As if to heighten and illustrate the different atmospheric conditions 
of the two sides, a pair of rayens disputed my intrusion on the north- 
ern side in most audacious fashion, while a pair of peregrines have 
selected the south side for their breeding ground. The raven is at 
home amongst plants which are abundant in the polar regions, where 
it also abounds: the peregrine, a more southern bird, is in keeping 
with its surroundings. It is seldom these two species breed alongside 
of one another, and where they do they are at constant war. Nature 
has here allotted to each its own fit and suitable domain. 

There is another station for alpine plants amongst the Twelve 
Bens—Ben Lettery—which has been examined by botanists. This 
point lies about two and a-half miles south of Muckanaght, across 
the wide valley at the head of the Owenglin river, and is immedi- 
ately above Ballynahinch Lake and the public road on the south. Its 
northern face thus looks out on Muckanaght, and though the southern 
side and upper parts from the summit to about 1500 feet are barren 
and composed of quartzite, yet below that level schistose rocks, and 
with them alpine plants, appear. Lycopodium alpinum and Thalictrum 
alpinum have been recorded from here by Wade. The latter species 
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has been verified by Isaac Carroll, who has also recorded Saxifraga 
oppositifolia and Asplenium viride. The rarest species, Saussurea alpina, 
which is plentiful on the same ground, has not been recorded. I could 
not, however, meet with Lycopodium alpinum on Bennabeola; although 
being a plant fond of siliceous soil, and occurring elsewhere in the 
neighbourhood, it is likely enough to occur, and may have been passed 
over. On Ben Lettery, the upper limit of the alpine species is simply 
determined by the change of rock to quartzite. 


Bencork AND Benpaun, Down NorrH towarps KnockPASHEEMORE. 


2390 to 2810 feet. 


Potentilla tormentilla. Scirpus ccespitosus. 
Galium saxatile. - Carex binervis. 
Saxifraga umbrosa. C. pilulifera. 
Kuphrasia officinalis. Anthoxanthum odorantum. 
Calluna vulgaris. Aira flexuosa. 
Vaccinium myrtillus. Agrostis vulgaris. 
Empetrum nigrum. Lastreea dilatata. 
Juncus squarrosus. Polypodium vulgare. 
Lycopodium selago. 
2250 feet. 
Silene maritima. Armeria maritima. 
Solidago virgaurea. Aira ccespitosa. 
1900 feet. 
Dabeocia polifolia. 
1850 feet. 


Stellaria uliginosa. 
1800 feet. 
Molinia ceerulea. | Erica cinerea. 
1200 feet. 
Pyrus aucuparia. 


800 feet. 
Hymenophyllum unilaterale. 


BENBAUNBEG, DOWN Norra to KyYLEMore. 


1570 feet. 
Antennaria dioica. | Salix herbacea. 
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BENBAUNBEG, DOWN NortH To KyLemorE—continued. 
820 feet. 
Carex pallescens. 
750 feet. 
Alchemilla vulgaris (var. subsericea). 
700 feet. 
Quercus robur. | Salix repens. 


Lastreea aculeata. 


BensBeack Summit. 


1900 feet. 


Salix herbacea. 


SoutnH Sipe. 


1020 feet. 


Asplenium trichomanes. 


BENGOWER DOWN SouTH, To GLENCOAGHAN. 


1200 feet. 


Lastroea cemula. 


650 feet. 
Mentha aquatica. 


250 feet. 
Eleocharis multicaulis (most abundant). 


DERRYCLARE, DOWN Sours. 
2300 feet. 
Pyrus aucuparia. 
2060 feet. 


Antennaria dioica. 
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DERRYCLARE, DOWN SourH—continued. 


2000 feet. 


Scabiosa succisa. | Orchis maculata. 
Molinia coerulea. 


1800 feet. 
Arctostaphyllos uvya-ursi (abundant). 
1600 feet. 

Dabeocia polifolia. 

950 feet. 


Erica tetralix. 


Ben Lertery, SourH Sez. 


1500 feet. 


Solidago virgaurea. 
Carex pilulifera. 


Saxifraga umbrosa. 


1450 feet. 


Dabeocia polifolia. | Erica cinerea. 
Lastroea cemula. 


1150 feet. 


J uniperus nana. 

1100 feet. 

Lycopodium selago. 
950 feet. 

Erica tetralix (upper limit). 

"800 feet. 

Scheenus nigricans. 
. 650 feet. 

Eleocharis multicaulis (upper limit). 

420 feet. 


Hypericum androscemum. | Triodia decumbens. 
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Ben Lerrery, Norruern SIve. 


1520 feet. 
Thalictrum alpinum. | Saxifraga oppositifolia. 
Asplenium viride. 
1420 feet. 
Saussurea alpina. | Plantago lanceolata. 
1320 feet. 
Rubus saxatilis. | Saussurea alpina. 


Lycopodium selago. 


1310 feet. 
Saxifraga oppositifolia (lower limit). 


1300 feet. 
Thalictrum alpinum (lower limit). 
800 feet. 
Drosera rotundifolia. Erica tetralix. 
Crepis paludosa. Pinguicula lusitanica. 
600 feet. 


Carex fulva. 


Muckanacut, pown Souru Sipe. 


2150 feet. 


Calluna vulgaris. Eriophorum‘ vaginatum. 
Thymus serpyllum. Luzula sylvatica. 


And most of the commoner summit species on Brn Corr, 
and elsewhere. 
2000 feet. 


Blechnum boreale. 


1400 feet. 
Hieracium vulgatum (var. Carduus pratensis. 
gothicum). Pinguicula vulgaris. 
Nardus stricta. 
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Mocxanacut, Sourn Srpe—continued. 


1350 feet. 


Lathyrus maccorrhizus. Prunella vulgaris. 
Scabiosa succisa. Plantago lanceolata. 
Antennaria dioica. Scheenus nigricans. 


1250 feet. 


Lonicera periclymenum. Ilex aquifolium. 


Hedera helix. Hieracium vulgatum. 
Teucrium scorodonia. 
1150 feet. 


Sedum rhodiola. L. filix foemina. 
Crepis paludosa. 
Hieracium vulgatum. | A. ruta-muraria. 


Lotus corriculatus. | Lostreea filix mas. 


Plantago maritima. A. trichomanes. 
Triodia decumbens. Polypodium vulgare. 


Muckanacut, Down Nortu Sipe. 


2130 feet. 

Saxifraga stellaris. Salix herbacea. 
Cystopteris fragilis. 

2110 feet. 
Thalictrum alpinum. Carex panicea. 
Luzula campestris. Poa annua. 

2050 feet. 

Aira ccespitosa. 

1900 feet. 

Oxyria renifornis. | Oxalis acetosella. 


Asplenium viride. 


1850 feet. 
Ranuculus flammula. 


1700 feet. 
Thalictrum alpinum (lower S. oppositifolia. 
limit). S. stellaris. 
Geum rivale. Saussurea alpina. 
Sedum rhodiola. Oxyria uniformis. 
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Asplenium adiantum nigrum. 
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Moucxkanaeut, Down Nortu Sipe—continued. 


1700 feet—continued. 
Plantago maritima. Carex panicea. 
Asplenium viride. 
1600 feet. 
Cystopteris fragilis (lower limit). 


1500 feet. 
Meconopsis cambrica. | Saussurea alpina. 
Geum rivale. Polystichum lonchitis. 
Saxifraga ccespitosa. P. lonchitoides. 
Hieracium anglicum. Lycopodium selaginoides. 
1470 feet. 


Meconopsis cambrica. 7y 
Sedum rhodiola. | 
Saxifraga oppositifolia. | 
S. stellaris. > Lower limit. 
S. ccespitosa. | 
Oxyria reniformis. | 
Asplenium viride. J 


1080 feet. 


Asplenium trichomanes. | Hymenophyllum unilaterale. 


At the lower levels in this part of Galway the county has been 
thoroughly well ransacked. I did not feel called upon to make any 
detailed search, therefore. The following are a few notes taken at the 
bases of the mountains :—Derryclare Lough, below Derryclare Mt., 
Drosera intermedia very abundant ; Subularia aquatica, Utricularia 
intermedia, Carex limosa, and Eriocaulon septangulare, all common. At 
Kylemore I saw Hieracium tricum, and between that and Derry-na- 
Shiggan, Helosciadium nodiflorum, Veronica scutellata, and Carex stricta. 
On the north side of Ballinahinch Lake, in bogholes by the roadside, 
may be seen Cladium mariseus, Carex limosa, and C. filiformis. 

I shall now give a general list, including all the mountain species 
observed, starting at the highest point attained by each, and append- 
ing their other more important altitudes throughout the two counties. 
This list, which is the result of the more local one, has been a tedious — 
compilation, but-appeared to me quite necessary. Some slight inaccu- — 
racies, arising from confusion of figures, may have crept in; but I 
have failed to detect any. 


“J 


Or 
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GENERAL LIST OF PLANTS 


Observed on the Mayo ann Gatway Movuntatns, arranged in descending 
order. 


Sumuir or Mwerenrea. 


2680 feet. 


Potentilla tormentilla (Nestl.)\—Nephin, 2640; Croaghpatrick, 2510, 
&c., and downwards. Abundant. . 

Saxifraga umbrosa (Linn.)—All summits, and downwards to sea-level, 
near the coast in dry, stony places. Occurs on all aspects, being 
at home either amongst alpine plants, or where they could not 
exist. Inland it rarely occurs as a lowland plant, ceasing down- 
wards at 1500 to 1200 feet. No choice of rock. 

Calluna vulgaris (Salisb.)—All summits and downwards. Abundant. 

Vaccinium myrtillus (Linn. )—Ditto. 

Thymus serpyllum (Linn.)—Bengorm, 2200; Croaghpatrick, 1570; 
Twelve Bens, 2150. Not ascending many mountains, though 
frequent at considerable heights on the Mweelrea group. Com- 
mon below. Will not grow on the quartzite. 

Rumex acetosa (Linn. )—Summits of all ihe Mayo mountains, and 
downwards. 

R. acetosella (Linn. )Greneiamls cana: Not universally distri- 
buted at upper heights. Re-appearing commonly below. 

Juncus sqguarrosus (Linn.)—Summit of Croaghpatrick; Twelve Bens, 
2390. 

Luzula sylvatica (Bich.)—Summits of Mayo mountains. Twelve Bens, 
2150. Shady cliffs or woods in lowland districts. Rarely on 
open ground except at mountain summits; usually abundant 
there. 

L. campestris (Willd.)—Bengorm, 2200; Twelve Bens, 2110. In- 
creasing quickly to open moors. Frequent. 

Eriophorum vaginatum (Linn.)—Twelve Bens, 2150. Continuous to 
low levels on moors. 

Carex pilulifera (Linn.)—Corslieve, 2025; Twelve Bens, 2390. Fre- 
quent to about 1200 feet. Scarce at low levels. 

C. binervis (Sm.)—Croaghpatrick, 2350; Twelve Bens, 2390. Very 
glaucous on Mweelrea. On open moors. 

Scirpus cespitosus (Linn.)—Twelve Bens, 2390. 

Anthoxanthum odoratum (Linn.)—Summits of Mayo mountains. Twelve 
Bens, 2390. Frequent. 

Nardus stricta (Linn.)—Maamtrasna, 2120. Soon abundant in dry 
situation, from 1500 feet downwards, and thrives on the 
quartzite. 
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Aira cespitosa (Linn.)—Twelve Bens, 2250. Common in the Mayo 
mountains at high levels. 

Agrostis vulgaris (With.)—Twelve Bens, 2390. 

Festuca ovina (Linn.)—Summits of Nephin and Croaghpatrick. Twelve 
Bens, 2150. 


Summit oF NEpHIN. 


2640 feet. 


Galium saxatile (Linn.)—Summit of Croaghpatrick. Twelve Bens, 
2390; Leckavrea, 2000. Abundant. 

Empetrum nigrum (Linn.)—Summit of Croaghpatrick. Corslieve, 
2250; Twelve Bens, 2350. Common. Below 300 feet on 
Achill and Birreencorragh. One of the few species that thrives 
on quartzite. 

Armeria maritima (Willd.\—Mweelrea, 2640. Summit of Croagh- 
patrick. Twelve Bens, 2250. Ceases as a mountain plant. 
Croaghpatrick, 1500; Curraun Achill, 1200. Re-appearing 
abundantly at sea level, and thriving on siliceous rocks. 

Aira flexuosa (Linn.)—Mweelrea, 2600. Summit of Croaghpatrick. 
Twelve Bens, 2390. Common on moorlands. 

Lastrea dilatata (Presl.)—Mweelrea, 2380; Twelve Bens, 2390. 

Lycopodium selago (Linn.)—Twelve Bens, 2390. Sea level, or near it 
at Doo Lough. Ceases usually at about 1200 to 1000 feet on the 
mountains as on Nephin. Seems to prefer siliceous rocks. 


MweEELREA. 
2600 feet. 


Sedum rhodiola (D. C.)\—Not seen elsewhere nearly so high. Descends 
occasionally to sea level; but usually found in alpine situations 
and with alpine plants. Croaghpatrick, 1740 to 1570; Corslieve, 
1600; Achill, 1430 to sea level; Mweelrea, 1430 to 500; Cor- 
cogemore, 1800; Twelve Bens, 1700 to 1470, and at 1170. 

Solidago virgaurea (Linn.)—Achill, 1730; Twelve Bens, 2250 ; Maam- 
trasna, 2120; Leckavrea, 2000. 

Campanula rotundifolia (Linn.)—Ben Gorm, 2150; Croaghpatrick, 
1900; Corcogemore, 1900; Maamtrasna, 2000. Not unfrequent 
as a mountain plant, especially in rocky ground of a siliceous 
nature. Descending to 550 feet on cliffs above Doo Lough; but 
flowers sparingly. 

Melampyrum pratense (Linn.) (var. montanum.)—Nephin, 2300; Cor- 
slieve, 2250; Croaghpatrick, 1900; Achill, 17380. Rather thinly 
distributed, and not met with at low levels. 

Plantago maritima (Linn.)—Curraun Achill, 1200; Achill, 2200; 
Twelve Bens, 1700. Rarely occurring inland at low levels. 
At the base of Nephin in Boughadoon, by the Glenlaur river, 
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and by Fin Lough. A curiously stunted variety, with broad 
leaves, and stem an inch and a-half high, occurs at 2400 to 2300 
on the Ascokeerin ridge, Mweelrea; and on the summit of Delphi 
mountain, 2550. 

Saliz herbacea (Linn.)—Nephin, 2450 to 1880; Corslieve and Nephin- 
beg, 2320 to 1700; Curraun Achill, 1560; Achill, 2100 to 1900; 
Croaghpatrick, 1850 to 1750; Mweelrea group, to 1850; Maam- 
trasna range, 1850; Maamturk range, 2000 to 1600; Benchoona, 
1900 to 1680; Twelve Bens, 2130 to 1570. Possibly occurs 
lower on low summits, since it prefers the tops and ridges of 
mountains in perfectly exposed situations. This is the common- 
est alpine plant, and occurs on very nearly all the mountains I 
visited. More abundant on Mweelrea than elsewhere; on the 
northern summit it is the chief vegetation straggling amongst 
moss. 

Carex rigida (Good.)-—Nephin, 2500; Corslieve and Nephinbeg, 2320 
to 1600, and at 860 feet at Scardaun Lake; Achill, 2030 to 1825; 
Mweelrea group, to 1640. Next to the last, this is the com- 
monest truly alpine species in the west; they are frequently in 
company on wet ledges, and both thrive on the quartzite. 


MWweEELRBEA. 
2590 feet. 


LTymenophyllum unilaterale (Willd.)—Corslieve, 1750; Achill, 1730; 
Ben Gorm, 2080. Frequent at low levels in both counties. 


Detrut Mr. (Mweerrea Grovr). 
2550 feet. 


Achillea millefolium (Linn.)—At 2350 above Lough Brawn on Loughty 
Mt. Met with nowhere else on the mountains; here it was 
stunted, consisting of a few rigid radical leaves without stem or 
flowers. Frequent below. 

_Plantago lanceolata (Linn.)—A very diminutive form, with slightly 
succulent, narrow, lanceolate leaves, about an inch in length, and 
a flowering stem not much higher. Resembles the form of P. 
maritima, mentioned above, in general appearance. Ordinary P. 
lanceolata finds upper limits—on Croaghpatrick, 1680; Mweelrea, 
1520. 


Summit oF CRroaGHPATRICK. 
2510 feet. 
Poa annua (Linn.)—Ben Gorm and Glenamorig, 2200; Buckoogh and 
Mweelrea, 1900. Accidentally distributed amongst these heights. 


Probably the seeds are transported hither by sheep, as this grass 
only occurred at great heights in the neighbourhood of their runs. 
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MweEELEREA. 
2500 feet. 


Leontodon autumnalis (Willd.) (var. taraxact.)—Ridge above Lough 
Brawn, 2350; Myeelrea, 1500 (LZ. autumnalis.) Thence common. 

Aira cespitosa (Linn.) (var. alpina.)\—To 2100; Ben Gorm, 2200; 
Maamtrasna, 2120 to 2100. Not met with on the Twelve Bens, 
or other Galway mountains, and only occurring at great heights. 
Plentiful in some parts of Mweelrea, and on Maamtrasna (Forna- 
more) table-land. 

In Tas alpinum (Linn.)—Ridge above Lough Brawn, 2450; Cur- 
raun Achill, 1560; Maamturk range, 2000 to 1950. This, with 
Salix herbacea and Carex rigida, are the only truly alpine species 
which grow on the quartzite mountains. They, especially the 
present species, appear to prefer a siliceous soil. Plentiful in 
each locality cited. 


NEPHIN. 


2450 feet. 


Saxifraga stellaris (Linn.)—To 2400; Nephinbeg and Corslieve, 2000 
to 1400; Achill, 2080 to 1825; Mweelrea, 2300 to 1650, and 
1050 in Glenlaur; Twelve Bens, 2240 to 1650; Maamturk range, 
1700. Rather sparingly distributed. 


MweEELREA. 
2450 feet. 


Cerastium trwiale (Link.)—And at 2100; Croaghpatrick, 1870. Abun- 
dant below. Scarce at high levels. 


Ringe asove Loven Brawn, Loventy Mr. (Mwerertrea Group). 
2400 feet. 


Geum rivale (Linn.)—Maamtrasna, 1750; Twelve Bens, 1850 to 1500. 
A local plant, and not seen elsewhere. Not on the quartzite. 
Saxifraga oppositifolia (Linn. )—Maamturk range, 1100 to 910; Twelve 
Bens; Ben Lettery, 1520 to 1810; Muckanaght, 1700 to 1470. 
Exceedingly scarce in the only Mayo locality. More plentiful on 
Muckanaght; but rare in Galway also. Never on quartzite. 

Antennaria dioica (Goert.)—To low levels at Doo Lough. Occurs on 
most of the mountains, quartzite or otherwise, from about 2000 
to 1000. 
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Vaccinium vitis-idea (Linn.)—Very scarce, and unhealthy-looking here. 
This plant has been recorded from several of the mountains I 
examined in Mayo and Galway, but I found it only in the present 
situation. It appeared to me very rare indeed, and I was always 
on the look out for it. 

Oxyria reniformis (Hook.)—Ben Gorm, 2080; Mweelrea, 2240 to 
1650; Croaghpatrick, 1740 to 1570; Twelve Bens (Muckanaght), 
1900 to 1470. Very scarce. On Croaghpatrick it is plentiful, 
and very large and luxuriant. In the present locality it is very 
rare. Never on quartzite. 

Cystopteris fragilis (Bernh.)—Very rare in this the only Mayo habitat. 
Maamturk range (Maumeen), 1100; Twelve Bens (Muckanaght), 
2130 to 1600. Very rare in the west, and quite alpine in its 
mountain localities; does not occur on the quartzite. 


MweEELREA. 
2400 feet. 


Viola palustris (Linn.)—Maamtrasna, 1900; Ben Gorm, 2030. 

Orchis maculata (Linn.)—Maamtrasna, 1900; Mweelrea, 2300; Twelve 
Bens, 2000. 

Carex panicea (Linn.)—Ben Gorm (Mweelrea group), 2050; Croagh- 
patrick, 1650; Twelve Bens (Muckanaght), 2110 feet. Remark- 
ably luxuriant and glaucous, with glumes and fruit concolorous, 
sooty black, on drooping spikelets in alpine situations on Mucka- 
naght. 


TWELVE BEWs. 


2390 feet. 


Euphrasia officinalis (Linn.)—Mweelrea, 2100; Croaghpatrick, 1740. 
Scarce at high levels. 
Polypodium vulgare (Linn. )—Mweelrea, 2380. Soon becoming common. 


MWEELBEA. 
2380 feet. 
Lastrea filix-mas (Presl.)—Twelve Bens, 1150; var. abbreviata, at 
1630 on Croaghpatrick. Not plentiful. 
AxsovE LovcH Brawn. 


2350 feet. 


Eriophorum polystachyon (Linn.)—Buckoogh, 1920; Ben Gorm, 2050; 
Maamtrasna, 2130. 


750 Proceedings of the Royal Irish Academy. 


TWELVE BENs. 
2300 feet. 
Pyrus aucuparia (Goert.)\—Corslieve, 1700; Mweelrea, 1400. Seed- 


lings, or dwarfed above 1000. Frequent below, and well grown 
at the base of Nephin. 


MWEELREA. 
2250 feet. 
Blechnum boreale (Sr.\—Croaghpatrick, 1740; Ben Gorm, 2150; 


Twelve Bens, 2000. Only locally plentiful, and does not thrive 
on the quartzite. 


TweEtve Bens. 
2250 feet. 


Silene maritima (With.)—Nephin, 1870; Birreencorragh, 2000. A 
sea-coast plant ascending mountains in the maritime counties, like 
Armeria maritima and Plantago maritima, and, like them, fond of 
siliceous soil, or on the quartzite. 


ACHILL. 
2200 feet. 


Oxalis acetosella (Linn.)—Corslieve, 2000; Ben Gorm, 1850; Twelve 
Bens, 1900. Common at lower levels from about 1500 feet 


downwards. 

Jasione montana (Linn.)—Ben Gorm, 2220; Croaghpatrick, 1900; 
Mweelrea, 2100. Not seen so high in Galway; not unfrequent 
below 1500 feet, especially on siliceous soil. 


Bren Gorm (Mweerrea Grovpr). 
2150 feet. 
Viola sylvatica (Fries. )—At this height var. Reichenbachiana.—Croagh- 
patrick, 1900. Frequent lower; apparently dislikes quartzite. 


Maamrrasna Ranee. 
2150 feet. 
Mieracium anglicum (Fries.)—Nephin, 1490; Achill, 1430; Croagh- 


patrick, 1650; Mweelrea, 1600 and 1520 to 650 and 350, about 
Doo Lough. Maamturk range, 1800 to 1200; Twelve Bens, 
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1500. Usually alpine, but occasionally found at low levels in 
Mayo; it is then sometimes indistinguishable from WH. cricum, 
which, I believe, is a luxuriant lowland form. Typical H. aricum 
never occurs higher up, or in alpine situations. It may be seen 
along the roadside at Kylemore and elsewhere. The two forms 
graduate into one another about Doo Lough and Maumeen. 


TweELvE Bens (Muckanacut). 


2110 feet. 


Thalictrum alpinum (Linn.)—To 1700, and on Ben Lettery, 1520 to 
1300; Maamturk (Maumeen), 1520; Benchoona, 1600 to 1300; 
Croaghpatrick, 1590 to 1570. Apparently on all rocks except 
quartzite. Like Lycopodium alpinum, it seems especially fond of 
granite or gneiss. 


MWwWEELRBEA. 


2100 feet. 


Ranunculus acris (Linn.)—Not noticed ascending to any considerable 
height elsewhere. Frequent from about 1200 downwards. 

Cardamine hirsuta (Linn.)\—Croaghpatrick, 1650. Not common at any 
considerable height. 

Angelica sylvestris (Linn.)—And at 1900; Croaghpatrick, 1590. Not 
seen elsewhere higher up. 

Chrysosplenium oppositifolium (Linn.)\—And at 1450. Rare on the 
mountains. 

Taraxacum dens-leonis (Desf.)—Croaghpatrick, 1590. 

Lycopodium selaginoides (Linn.)—To 300; Maamturk (Maumeen), 
1650; Twelve Bens, 1500 to 1320. 


Bry Gorm (Mwerertrea Group). 
2050 feet. 


Erica cinerea (Linn.)—Nephin, 1750; Birreencorragh, 1500 ; Nephin- 
beg, 1425; Croaghpatrick, 1690; Mweelrea, 1500 and 1400; 
Maamtrasna, 1750; Maamturk range, 2000; Twelve Bens, 
1800 and 1450. Stunted and scattered above 1600 feet, and 
hardly general anywhere above 1500. 

Pinguicula vulgaris (Linn.\—And at 1940; Buckoogh, 1920; Achill, 
1480; Croaghpatrick, 1590; Maamtrasna, 1900; Twelve Bens, 
1450. The lower of these upper limits arises from unsuitability 
of ground ; common below. 

Narthecium ossifragum (Huds.)—Glenamorig, 1750; Achill, 1480. 
Abundant below. 
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MWweEELREA. 
2050 feet. 


Pedicularis sylvatica (Linn.)—And at 2000. Sparingly distributed at 
high levels in these mountains. 
Ben Gorm (Mweerrea Grovr). 
2050 feet. 
Carex flava (Linn.)—Croaghpatrick, 1850; Achill, 17380; Curraun 
Achill, 1560; Mweelrea, 1900; Maamtrasna, 1850. 
Detruin Mr. (Mwererrea Grove). 
2000 feet. 
Lqusetum palustre (Linn.)—Very unusually high for this plant. 


MWwWEELREA. 
2000 feet. 


Hypericum pulehrum (Linn.)—Frequent lower. 

Carduus pratensis (Huds. )—Birreencorragh, 1100; Mweelrea, 1450 ; 
Twelve Bens, 1450. Rarely extending above 1000 feet. 

Carex pulicaris (Linn.)—N ot frequent till about 1000 feet, as above 
Doo Lough and on Muckanaght. 


MaamtTurkK Rance. 


2000 feet. 


Scabiosa succisa (Linn.)—Buckoogh, 1880; Croaghpatrick, 1650 ; 
Twelve Bens, 2000. Common lower. 

Carex vulgaris (Fries. )—Buckoogh, 1180; Mweelrea, 1600. Seldom 
occurring at any considerable height. Common below. 


TweELvE Bens. 
2000 feet. 


DMolinia cerulea (Mcench.)—Mweelrea, 1600. Soon becoming common. 


BENCHOONA 
1970 feet. 


Sagina subulata (Wim.)—Maamturk range, 1930 to 1520. In crevices 
on the barren exposed summits of | gneissose or quartzite moun- 
tains. Rare, but easily overlooked. 
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MWweEELREA. 
1960 feet. 


Valercana officinalis (Linn.)—And at 1200. Not unfrequent at the 
base of the mountains. 


BuckooeH. 
1920 feet. 
Juncus effusus (Linn.)—Achill, 1480. Then common. 


MwWwEELRBA. 


1900 feet. 


Stellaria uliginosa (Murr. )—Croaghpatrick, 1370; Maamtrasna, 
1850; Twelve Bens, 1850. 

Digitalis purpurea (Linn.)—Croaghpatrick, 1280; Ben Gorm, 
1200. 


Primula vulgaris (Huds.)—Croaghpatrick, 1650. 
MaamrTrasna Rance. 
1900 feet. 
Dabeocia polifolia (Don.)—Croaghpatrick, 1390; Loughty Mt., 1750; 
Mweelrea, 1500 ; Maamturk, 1810; Twelve Bens, 1900. Though 


much less abundant, this plant has about the same vertical range 
as Erica cinerea. The two frequently appear simultaneously. 


Ben Gorm. 
1900 feet. 


Lycopodium clavatum (Linn.)—Not met with elsewhere. 


MaamrTurk Rance. 
1900 feet. 


Carex glauca (Scop.)—Mweelrea, 1050. Frequent lower down. 


TwELve Bens (Muckanacut). 
1900 feet. 


Asplenium viride (Huds.)—Croaghpatrick, 1800 to 1570; Twelve 
Bens—Ben Lettery, 1520; Muckanaght, 1900 to 1470. 
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MweEeELReEa. 
1850 feet. 


Vicia sepium (Linn.)—Not seen elsewhere on the mountains at any 
considerable height. 

LEpilobium palustre (Linn.)—Maamtrasna, 1750. Frequent in lower 
bogs. 

Lysimachia nemorum (Linn.)—Buckoogh, 1180. A lowland species. 


Twetve Bens. 


1850 feet. 


Ranunculus flemmula (Linn.)—Croaghpatrick, 1370; Mweelrea, 1205; 
Twelve Bens, 1850. Common from 1000 feet downwards. 


MweEELREA. 


1800 feet. 


Thalictrum minus—1450, and 1370 to 350 at Lough Doo, and lower in 
Glenlaur; Benchoona, 900 to 680. A characteristic plant of 
Mweelrea; common in Glencullen. 


MaamrTrasna Rance. 


1800 feet. 


Juniperus nana (Linn. )—Curraun Achill, 1200; Achill, 1300; Croagh- 
patrick, 1740 ; Mweelrea, 1000 and 1100; Maamtrasna, 1800 to 
1350 (inland); Maamturk range, 1600; Twelve Bens, 1150, and 
elsewhere ; but not met with at low levels. 


MaamrTurk Rance. 


1800 feet. 
Achemilla vulgaris (Linn. )—(Var. subsericea)to 1100; Twelve Bens,750. 


BENCHOONA. 


1800 feet. 


Lntorella lacustris (Linn.)—Buckoogh (Lake Mambrackeagh), 1180. 
Common lower down. 

Isoetes lacustris (Linn. )—Corslieve (Lake Drumderg), 1330; Buckoogh, 
1180; Nephinbeg (Scardaun Lake), 860; Maamturk, 770. 
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Twetve Bens. 
1800 feet. 

Arctostaphylos uva-ursi (Spr.)\—Nephin, 1660 to 1240; Nephinbeg, 
325; Curraun Achill, 1200; Achill, 1300; Mweelrea, 700 to 
sea-level ; Twelve Bens, 1800. One of the few species that likes 
quartzite. Abundant on the Twelve Bens. 

CROAGHPATRICK. 


1740 feet. 
Hedera helix (Linn. )—Mvweelrea, 1100; Twelve Bens, 1250. 


CoRSLIEVE. 
1700 feet. 

Crepis paludosa (Mcench.)—Croaghpatrick, 1590; Maamturk range, 
1100; Twelve Bens, 800. 

Twetve Bens (Mucxkanacur). 
1700 feet. 

Saussurea alpina (D.C.)—To 1500, and Ben Lettery, 1420 to 1320; 
Croaghpatrick, 1590 to 1570. More limited in its vertical range 
than most alpine species, but forming close and considerable 
patches where it occurs. 

CRoAGHPATRICK. 
1650 feet. 
Sagina procumbens (Linn.)—Frequent from 1000 feet down. 
Rubus saxatilis (Linn.)—Twelve Bens, 1320; Mweelrea, 380. 
MWerEELRBEA. 
1650 feet. 

Suliz aurita (Linn.)—Buckoogh, 1180; Delphi Mt. (Mweelrea 

group), 1550. Soon becomes abundant. 
Maamturx Ranger (Corcogemore). 
1650 feet. 


Listera cordata (R. Br.)—Not seen elsewhere. 
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CROAGHPATRICK. 
1630 feet. 
Senecio jacobea (Linn) : : 
Rhinanthus erista-galli (Linn.) Rarely/ascending (ig ote 


MWEELREA. 
1600 feet. 
Asplenium trichomanes (Linn.)—Achill, 1480; Croaghpatrick, 1590; 
Twelve Bens, 1150. 
CROAGHPATRICK. 


1590 feet. 


Ranunculus repens (Linn. )—Mweelrea, 1205. 
Polygala vulgaris (Linn.)—Not commonly occurring at this height, and 
not so frequent on the mountains as P. depressa. 
Deteat Mr. (Mwererza Grove). 


1550 feet. 


Rosa spinosissima (Linn.)—Mweelrea, 500. Frequent lower down. 

Lonicera periclymenum (Linn.)—Mweelrea, 1100. Abundant below. 

Juniperus communis (Linn.)—This form is rarely seen high up, where 
it usually becomes J. nana. 


MwEELREA. 
1520 feet. 


Lathyrus macrorrhizus (Winn.)—And at 1100; Maamturk range, 
1100; Twelve Bens, 1350. 


MAAMTRASNA. 
1520 feet. 


Sparganium minimum (Fries.)\—Buckoogh (Lake Nambrackheagh), 
1180; Mweelrea (L. Lugaloughaun), 1205. 


Juncus uliginosus (Sm.) 
Carex ampullacea (Good.)\—Mweelrea, 980. Frequent below. 
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Maamrurk Raner. 
1520 feet. 


Hieracium vulgatum (Fries., Var. gothicwm)—To 1100 feet; Twelve 
Bens, 1400. This and H. vulgatum graduate into one another on 
the south side of Muckanaght. 

Detrut Mr. (Mweerrea Grovr). 
1500 feet. 


Betula alba (Linn.)—Delphi Mt., 680; Mweelrea, 750. 


MWwEELREA. 
1500 feet. 


Epilobium montanum (Linn.)—Rarely seen at any considerable height. 


Twetve Bens (Muckanacur). 
1500 feet. 


Meconopsis cambrica (Vig.)—To 1470. This rare species was in full 
flower when I discovered it here, and was then remarkably showy 
and handsome. The flowers were fully two inches in diameter. 

Saxtfraga cespitosa (Linn.)—To 1480. See introductory remarks. 

Polystichum lonchitis (Roth.)—Sparingly distributed, and growing 
immediately over the following closely resembling form. 

P. aculeatum (Roth.) (var. lonchitidiodes.)—Maamturk range, 1200. 
I am inclined to think the holly fern grows in this latter locality 


also. 
P. aculeatum (Roth.)\—Maamturk range, 1200; Twelve Bens, 700. 


ACHILL. 


1480 feet. 


Polygala depressa (Wend.)—Soon common. 
MWeEELREA. 
1480 feet. 


Menyanthes trifoliata (Linn.)—Not seen again for about 1000 fect; 
then frequent. 


MWwWEELRBEA. 
1450 feet. 


Cardamine pratensis (Linn.)—Croaghpatrick, 1370. 
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ACHILL. 


1480 feet. 


Hymenophyllum tunbridgense (Sm.)—Nephin range, 400. 


MWweEELREA. 
14380 feet. 
Trifolium repens (Linn.)—Buckoogh, 1180; Croaghpatrick, 1370. 


CROAGHPATRICK. 


1370 feet. 
Myosotis repens (Don.)\—Apparently scarce. 
Callitriche stagnalis (Scop.)—Mweelrea, 1020. Rare on the moun- 
tains. 
MwreELRea. 


1370 feet. 


Carduus palustris (Linn.)—And at 1150. <A characteristic plant below, 
and very luxuriant by the Glenlaur river. Plants here had flowers 
an inch and a-half across, and on two or three occasions the stem 
was branched, bearing three or four large flowers together. 


MweEELREA. 
1350 feet. 


Saliz caprea (Linn.)—Not common for a few hundred feet. 


TWELVE Bens. 
1850 feet. 


Prunella vulgaris (Linn.)—Mweelrea, 1020; Birreencorragh, 1100. 
Rarely on the mountains. 

Schenus nigricans (Linn.)—And at 850. Ben Gorm, 1100; Mweelrea, 
1100. Plentiful in many places from about these heights. 


MweEELREA. 
1380 feet. 


Veronica chamedrys (Linn.)—And at 850. Soon frequent. 
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NEPHINBEG. 
1325 feet. 


Holeus lanatus (Linn.)—Birreencorragh, 1100. On upper pastures. 


CROAGHPATRICK. 
1300 feet. 


Pteris aquilina (Linn. )—Birreencorragh, 600; Delphi Mt., 800; Ben 
Gorm, 750; Mweelrea, 940 and 800; Maamtrasna, 800. Not 
abundant, and apparently averse to quartzite. Ihave given all 
the upper limits I observed, since this and Hrica tetralix are 
Watson’s test-plants for the upper margin of his ‘‘sub-arctic 
zone.” 


NeEpHIN. 
1290 feet. 


Erica tetralix (Linn.)—Birreencorragh, 1200; Croaghpatrick, 1170; 
Loughty Mt. (Glenlaur), 770; Ben Gorm, 800; Mweelrea, 1100 
and 800; Maamtrasna, 800; Twelve Bens, 950 and 800. See 
under Pteris aquilina. The mean of these levels places this plant 
a hundred feet above Pteris, which is nearer the truth than their 
relative position in this summary. 


Loventy Mr. (Grenzavr). 
1250 feet. 
Bellis perennis (Linn.)—Birreencorragh, 1100; Maamtrasna, 900. 
Rarely ascending the mountains. 
TweEeLve BeEws. 
1250 feet. 


Ilex aquifolium (Linn.)—Delphi Mt., 600; Mweelrea, 450. Frequent 
wherever any natural wood remains, and in rocky slopes lower 
down. 

Teucrium scorodonia (Linn.)—Scarce till the valleys are reached. 


Mwzerrra (Lace LucatovueHatn). 
1205 feet. 


Subulavia aquatica (Linn.)—Abundant in Derryclare and Ballinahinch 
lakes. This lake is erroneously recorded in ‘“‘ Flora Hibernica” 
at 1500 feet above the sea. 
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Alchemilla vulgaris (Linn.)—Maamturk range, 910; Benchoona, 500. 
Frequent along the bases of the mountains, especially in Con- 
nemara. 

Galium palustre (Linn.)—Abundant at low levels. 

Myriophyllum alternifloram (D. C.)—Abundant in the larger lakes 
below. 

Senecio aquaticus (Huds.)—Not seen elsewhere high up, but occurs 
continuously along the stream from this lake to the base. 

Lobelia dortmanna (Linn.)—Buckoogh, 1180; Nephinbeg (Scardaun 
Lake), 860. 

Callitriche hamulata (Kutz.)—A common lake plant in the west. 

Potamogeton natans (Linn.)—Buckoogh, 1180. Rare high up, and 
seldom flowering. In turfy lakes and bog-holes this plant is 
most variable. The leaves every shape, from linear to ovate. 

Eleocharis palustris (R. Br.)—Rare in elevated stations. 


Curraun ACHILL. 


1200 feet. 


Lotus corniculatus (Linn.)—Twelve Bens, 1150. Not common till low 
levels are reached. 


MaamtTurk RANGE. 
1200 feet. 


Ayrabis hirsuta (R. Br.)—Not seen elsewhere. 


TwerLtve Bens. 
1200 feet. 
Lastrea emula (Brack.)—Mweelrea, 980, and lower; Croaghpatrick, 
630. Not plentiful amongst the mountains. 
Maamturk Rance. 
1200 feet. 


Salix repens (Linn.)—Mweelrea, 1000, 1140; Twelve Bens, 700. 
Then abundant along the maritime mountains. 


TWELVE BeEwns. 
1150 feet. 


Triodia decumbens (Beauv.)—Maamturk range (Maumeen), 910. Soon 
common. 

Lastrea filiz-femina (Presl.)—Abundant below. 

Asplenium advantum-nigrum (Linn. )—Mvweelrea, 670. Frequent. 

A, ruta-muraria (Linn.)—Benchoona, 700. Rare on mountain cliffs. 
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BImREENCORRAGH. 
1100 feet. 


Linum cathartieum (Linn.)\—Abundant when dry pastures are reached. 


Ben Gorm. 
1100 feet. 


Drosera rotundifolia (Linn.)—Twelve Bens, 800. Then common. 


MWweEELBREA. 
1100 feet. 


Spirea ulmaria (Linn.)—Frequent lower down. 
Hquisetum sylvaticum (Linn.)—Corslieve, 600; Mweelrea, 480. Not 
unfrequent lower down. 
TweELve Bews. 
1100 feet. 


Mieracium vulgatum (Fr.)—On Muckanaght, south side, where it varies 
into H. vulgatum, var. gothicum. 

Corylus avellana (Linn.)—Mweelrea, 250. Frequent below. Very 
large hazels grow in Boughadoon at the base of Nephin. 


Loventy Mr. (Mweetrea Group). 


1050 feet. 
Montia fontana (Linn. )—Glenlaur. 


Y MWEELREA. 
1010 feet. 
Salix phylietfolia (Linn.)\—To 550. Not seen elsewhere. 


Detent Mr. (Mwererrea Grovr). 
1000 feet. 


Orchis latifolia (Linn.)—Seldom occurs so high up, or even nearly as 
high. 

Carex fulva (Good.)—Mweelrea, 800 and 500; Twelve Bens, 600. 
Not unfrequent on boggy slopes at the mountain bases. 
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MweEELREA. 
980 feet. 


Potamogeton polygonifolius (Rourr.)—Abundant in the lower bogs. 
Carex stellulata (Good.)—Maamturk range, 770. Probably occurs 
higher, but I did not meet with it. Abundant lower. 
Maamturk Rane. 
910 feet. 


Fragaria vesca (Linn.)—Soon frequent. 


MwEELREA. 
900 feet. 


Osmunda regalis (Linn.)—Maamturk range (Maumeen), 770. Frequent 
in glens, and by streams lower down. 


BeNCHOONA. 
900 feet. 


Mieracium anglicum, var. wricum (Fries.)—Mweelrea, 650. See under 
AZ, anglicum, at 2150. 


Nepuinsee Range (Scarpaun Lake). 
860 feet. 


Tris pseudacorus (Linn.)—Growing side by side with Carex rigida. A 
startling coincidence. I know of no instance either of Jris occur- 
ring nearly as high, or Carex rigida nearly as low. There would 
usually be a gap of at least a thousand feet elevation between 
these two plants. 


Nepuinsec RaAnee. 
850 feet. 


Eleocharis multicaulis (Sm.)—Mweelrea, 750; Birreencorragh, 600; 
Twelve Bens, 650. Especially abundant in the Connemara dis- 
trict, as in Glencoaghan. 


MWweEELREA. 
850 feet. 


Hypericum androsemum (Linn.)—Twelve Bens, 420. Not unfrequent. 
Veronica officinalis (Linn.)—Common lower. 


i 
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CRoAGHPATRICK. 
820 feet. 
Anagallis tenella (Linn.)—Ben Gorm, 800. Characteristic of the low- 
lying turf-bogs. 
TwrEtve Bens. 
820 feet. 
Carex pallescens (Lam.)—Delphi Mt., 400; Mweelrea, 380 and 550. 
Very rare in the west. 
ACHILL. 


800 feet. 


Sedum anglicum (Linn.)—Common at lower levels. 


MWwEELREA. 


800 feet. 


Myrica gale (Linn.)\—Delphi Mt., 770; Birreencorragh, 7715; Maam- 
trasna, 750. Characteristic of the low turf-bogs and very rigor- 
ously defined in its ascent. 


BIRREENCORRAGH. 


775 feet. 


Alchemilla arvensis (Scop.)—Not seen elsewhere on the mountains. 


. MweEELREA. 


750 feet. 


Drosera anglica (Huds.)—Nephin, 500. Common in all the bogs 
below. 

D. intermedia (Hayes)—Commoner than the other Drosere, especially 
in the wetter bogs about the margin of the big lakes, as at Derry- 
clare and Inagh. 

Rubus fruticosus (Linn.)—Never occurs high up. This was, I believe, 
the variety 2. leucostachys (Smith). 

Quercus robur (Linn. )—-Twelve Bens, 700. Fine old native trees may 
be seen at the base of Nephin. 
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NEPHIN. 


700 feet. 
Chiefly usual lowland stragglers from this level. 
Lychnis flos cuculi (Linn.)—White at 250 feet, Corslieve. Frequent. 


Comarum palustre (Linn.)—Frequent. 
TwELvE Bens. 
650 feet. 


Mentha aquatica (Linn.)—Not common in the mountain district. 


MWEELREA. 
650 feet. 
Pinguicula lusitaniea (Linn.)—Frequent to about this height. 
Bunium flecuosum (With.)—Common. 
CROAGHPATRICK, 
630 feet. 
Cotyledon umbilicus (Linn. )—Abundant-below. 
Scilla nutans (Sm.)—A lowland straggler. 
CoRSLIEVE. 


600 feet. 


Epilobium obscurum (Schreb.)—Specimens gathered near Delphi House 
in ditches by the road appeared to me to belong to typical 
E. tetragonum (Linn.). My plants were unfortunately badly 


preserved. 
NEPHIN. 
500 feet. 


| Crategus oxyacantha (Linn.)—Perhaps introduced. 


Deteut Mt. 
500 feet. 


Carex flava (Linn.)—Var. eder?. Not seen frequently. 
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MWweEELREA. 
480 feet. 


Cynosurus eristatus (Linn.)—Common. 
Poa flrutans (Scop.)—Common. 


MWweEELRBEA. 
450 feet. 


Fraxinus excelsior (Linn.)—Handsome native trees occur in the 
‘forest’ at the base of Nephin. 
Arundo phragmites (Linn.)—Common. 


BIRREENCORRAGH. 
380 feet. 


Cultivation at about 400 feet, the highest seen on the Mayo or 
Galway Mountains. 


Anthemis nobilis (Linn.)—Not seen elsewhere; but this plant properly 
belongs to roadsides. 
Agrostis vulgaris (Linn. )—Var. pumila. Not seen elsewhere. 


BIRREFNCORRAGH. 
350 feet. 


Nymphea alba (Linn. )—Frequent. 

Hypericum elodes (Linn. )—Frequent. 

Utricularia intermedia (Hayne.)—Plentiful in many places, and occurs 
throughout the districts visited. Often, as by Glenlaur river and 
near Delphi House, it is found in the slimiest and filthiest mud- 
holes, where nothing else appears to thrive. I found it in- 
variably (June and July) attached to its hybernacula. See 
Introduction. 

Eriocaulon septangulare (With.)—Corslieve, 250. See Introduction. 

Scirpus flwtans (Hook.)—Plentiful in many places, as about Doo 
Lough and Derryclare. 

Rhynchospora alba (Vahl.)\—Corslieve, 250. Not common; but occurs 
in the wettest bogs in several places. 

Carex filiformis (Linn.) ) The distribution of these species is given in 

C. limosa (Linn.) the Introduction. 


ACHILL. 
350 (?) feet. 


Adiantum capillus-veneris (Linn.)—Also, I believe, at Salrock. 
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CROAGHPATRICK. 

300 feet. 

Cultivation at about 250 feet, north side. 
| Ulex europeus (Linn.)—Rare in the mountain districts, and perhaps 
not native. 
MaamTurk Rance. 

300 feet. 

Cultivation at about 280 feet, Glencroft. 


Nasturtium officinale (R. Br.) — Confined to the low valleys and 

ditches. 
Carex paniculata (Linn.)—Frequent. 
Lastrea oreopteris (Presl.)\—Also on Letterbrickaun, near Leenane. 

Occurs very sparingly. 

NEPHIN. 
250 feet. 
Cultivation at about 200 feet, Boughadoon. 


Sanicula europea (Linn. )—Frequent. 


Detput Mr. 
250 feet. 
Cultivation at about 230 feet, Glenlaur. 


Rosa tomentosa (Sm.)—Less common than &. canina. 

Stachys palustris (Linn. )—Common. 

Habenaria chlorantha (Bab.)—Not untfrequent. H. bzfolia occurs at 
the base of Nephin. 

Ceterach officinarum (Willd.)—Frequent. 


MWweEELREA. 


250 feet. 


Cultivation at about 200 feet, Delphi. 


TTypocheris radicata (Linn.)—Frequent. 
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CoRSLIEVE. 
250 feet. 
Cultivation at about 200 feet, Deel Bridge. 


Utricularia minor (Linn.)—About the Killary in several places, but 
sparingly and much scarcer in the districts visited than U. inter- 
media. 


There is little cultivation at the bases of most of the mountains 
dealt with, and amongst the different ranges there are many extensive 
glens and valleys whose botanical conditions are not influenced by the 
hand of man. Several species are strictly confined to the bases of 
these valleys, although apparently all the conditions requisite for 
their growth are fulfilled higher up. Some are, perhaps, denied the 
power of spreading, while, no doubt, a shghtly decreasing mean tem- 
perature as we ascend drives many competitors from the struggle, and 
affords space for the hardier sorts to thrive and monopolize the soil. 
It is of use to obtain a list of these species, which are thus, though ready 
for the start, compelled to remain below. Plants of cultivation, or 
affecting roadsides, broken soil, or habitations, do not enter this list, 
and those belonging to the immediate margin of the sea are also ex- 


cluded. 
fined to the lowest levels. 


Caltha palustris, Linn. 

Nuphar lutea, Sm. 

Hypericum quadrangulum, Linn. 

Geranium molle, Linn. 

G. robertianum, Linn. 

Sarothamnus scoparius, Scop. 

Lotus maor, Scop. 

Prunus communis, Huds. 

Geum urbanum, Linn. 

ftosa canina, Linn. (R&. canina, 
Woods. ) 

Lythrum salicaria, Linn. 

Peplis portula, Linn. 

Circea lutetiana, Linn. 

Hydrocotyle vulgaris, Linn. 

Helosciadium nodiflorum, Koeh. 

nanthe crocata, Linn. 

Viburnum opulus, Linn. 

Tussilago farfara, Linn. 


All are, in fact, plants of a mountainous country, but con- 


Bidens tripartsta, Linn. 

B. cernua, Linn. 

Achillea ptarmica, Linn. 
Gnaphalium uliginosum, Linn. 
Centaurea nigra, Linn. 
Ereracium pilosella, Linn. 
Erica mediterranea, Linn. 
Scrophularva nodosa, Linn. 
S. aquatica, Linn. 
Pedicularis palustris, Linn. 
Veronica scutellata, Linn. 

V. anagallis, Linn. 

V. beccabunga, Linn. 
Rumex conglomeratus, Murr. 
R. obtusifolius, Linn. 

R. crispus, Linn. 

Alnus glutinosa, Goert. 
Habenaria albida, R. Br. 
Allium ursinum, Linn. 
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Juncus lamprocarpus, Ehoh. C. ovalis, Good. 

J. bufonius, Linn. C. stricta, Good. 

Sparganium ramosum, Huds. C. sylvatica, Huds. 

S. natans, Linn. | C. precox, Jacq. 

Triglochin palustre, Linn. C. jurta, Linn. 

Cladium mariscus, R. Br. Arrhenatherum avenaceum, Beauy. 
Scirpus savit, 8. et M. Equisetum arvense, Linn. 

S. setaceus, Linn. | Scolopendrium vulgare, Sm. 


Carex remota, Linn. 
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XCII.—On tHE Crantom or A Narive oF Lorp Howr’s Istanp. By 
A. Macatister, M. D., F.R.S., Professor of Anatomy, University 
of Dublin. 

[Read, December 11, 1882.] 


THrovex the kindness of Lowry Armstrong, Esq., of H. M.S. ‘Cor- 
morant,” I have obtained the skull of a native of this very-little- 
known island. There are three islands of the south-east Pacific often 
confounded with each other, and called by this name: the first of 
these, and the one to which I at present refer, is one of the Queen 
Charlotte groups in 8. lat., 11° 10’, Hast long. 165°, and is the next 
land to Egmont Island. 

Another island of the same name, or, according to Captain Cook, 
a set of islets united by a marginal reef, was described and first visited 
by Wallis in 1767, in 8. lat. 36° 50’, and E. long. 154° 21’, in the 
region known as the Coral Sea; and yet another Lord Howe’s Island 
lies east of New Ireland, of the Solomon group, in S. lat. 5° 30’, and 
159° 31’ EK. long. 

Less seems to be known of the first than of either of the others, 
and no other cranium has as yet reached this country from it. 

The skull in question is cryptozygous, and, to use the term invented 
for the crania of the neighbouring race of New Caledonians, hypsi- 
stenocephalic.! It was that of a young man, known during life to some 
of the persons who had the opportunity of disinterring it some years 
after its burial. He was supposed to be about twenty-seven, but, from 
the patent basi-occipito-sphenoidal suture, can scarcely have been so 
old; he is described as having been black and woolly-haired, as are 
the others who inhabit the island. The bones are porous; the frontal 
suture is open for about a centimetre over the nose, but obliterated 
above; the coronal suture presents the not uncommon character of 
being nearly toothless for about 5 cm. on each side of the middle 
line, then for about 3 cm. it is richly toothed, as far as the tem- 
poral crest, while the lower 23 cm. is again smooth.” The sagittal 
suture is accidentally slightly depressed in one place, and its denti- 
culations, slighter and simpler in front, are rich and complex behind. 
The lambdoidal, also richly toothed, has one wormian bone on the 
right side near the top of the suture. There is a wormian bone at the 
top of the left alisphenoid, directly below the line of the coronal, but 
not occupying more than one-half of the long spheno-parietal suture, 
which measures 2 cm. The muscular crests are feebly developed; the 
inion small and rounded, but the impression for the splenius capitis 
is unusually distinct and flattened outwards, projecting against the 
mastoid process. The occipital condyles are unsymmetrical, the right 
being smaller than the left, and the margin of the foramen magnum is 


1 Barnard Davis, ‘‘ Natuurk. Verhand. y. d. Hollandsche Maatschappij.’’ Haar- 
lem xxiy. deel. 

2 This character I have often seen; it is well marked in some Kanaka and 
Fijian skulls in our Museum, 
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raised into a knob behind the right condyle. The right jugular hole 
is twice the size of the left; the styloid process is small; the mastoid 
large and thick, especially the left, as the right is a little flattened 
behind. The glenoid cavity is very much flattened, with scarcely any 
transverse ridge in front, and a very faint eminentia articularis. The 
foramen spinosum on the right is confluent with the spheno-petrosal 
suture. The pterygoid plate is not toothed, but the outer wall of the 
scaphoid fossa rises into a spur, and the external pterygoid plate has 
an upper spur for the upper form of the ligamentum pterygospinosum.? 
There is a strong crista verticalis on the anterior and outer part of the 
external pterygoid plate, in front of the pterygomaxillary fossa. The 
processus malaris of the maxilla rises along the front of the spheno- 
maxillary fissure, and almost excludes the malar from the margin. 
The malar has a well-marked masseteric crest, and the maxilla has a 
sutura infraorbitalis transversa, while the infraorbital hole is united to 
the brim of the orbit by the continuation of the fissure. The pre- 
lachrymal suture is nearly complete on the left, cutting off an accessory 
lachrymal, but is not so well marked on the right. The lachrymals 
have exceedingly sharp crests and deep grooves, but no hamuli. The 
nasals are narrow, separate, unsymmetrical, with foramina of Wenzel. 
The anterior nasal spine is sharp, the canine fossa deep, and the 
zygomatic ridges well marked. The alveolar arches are very large, 
the palate rather deep, the posterior nares narrow, oblique, the whole 
aspect of the pterygoid region being constricted at the basal attach- 
ment of the pterygoid processes. There is a supernumerary single- 
fanged tooth between the first and second premolar on the right side 
internally. 

The measurements are as follows:—Length, 179mm.; greatest 
breadth, 137; frontal breadth, 104; circumference, 505 ; intermastoid 
are, 400 ; fronto-occipital arc, 340; height, 149; orbital height, 32; 
orbital width, 37; nasal height, 49; nasal width, 24; basi-alveolar, 
line, 108; basi-nasal line, 103; palato alveolar length, 62; palato- 
alveolar width, at last molar tooth, 66; palatine width, 38; width of 
both posterior nares, 21; height, 24; width of foramen magnum, 29; 
length, 83; length of spheno-parietal suture, 21. The lower jaw is 
large, with very little chin ; external width at the angles being 105; 
at condyles, 115; at coronoid processes, 90. The left condyle is 21 
long, the right 20; the sigmoid notch is 33 wide; the vertical height 
of the coronoid process is 64; the inner length of the intercondyloid 
intervals is 76 ; and the height at the chin is 32; while the whole length 
from angle to angle round the lower margin of the chin is 210. From 
these it will be seen that the altitudinal index is -83: the latitudinal, 
much less, is °76; the orbital, -86; the nasal, -48; the alveolo-nasal, 
104; the capacity measured by Busk’s choremometer, 1350. 

The cranium thus belongs to the type of hypsi-mesaticephalic 
leptorhine, mesoseme, prognathous, microcephalic skulls, and thus 
resembles in type the other Melanesians of neighbouring islands. 


3 See Proceedings, Royal Ivish Academy, vol. ii. N. 8., Science, p. 202. 


ale 
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XCIII.—Furturr Evmence As To THE Existence oF Hornep MEN IN 
Arnica. By A. Macatister, M.D., F.R.S., Professor of Anatomy, 
University of Dublin. (Plate XX.) 


[ Read, December 11, 1882. ] 


Soms years ago Dr. H. Minchin lent me a photograph, brought home 
from West Africa by his son, the late Dr. R. Minchin, in which was pour- 
trayed the head of a West African, with two remarkable exostoses on the 
maxilla below the orbit. Dr. Minchin, junior, had stated with regard 
to this man that he had heard of a tribe having this peculiarity, 
that they were famous as executioners somewhere on the borders of 
Dahomey. 

The peculiarity shown in the photograph (Pl. XX.) consists of two 
symmetrical, and evidently bony, outgrowths of the infra-orbital edge 
of the maxilla, in a long-faced and somewhat long-headed negro, with 
scanty moustache and beard. 

I made many inquiries among those acquainted with the west 
coast of Africa, and though I found several persons who had heard 
something about the existence of people of the kind, yet I could get 
no satisfactory account until my friend, Dr. Allan, being appointed 
Colonial Surgeon at Bathurst, kindly undertook to make inquiries for 
me. One previous informant told me he had seen a man with spur- 
like processes on the malar bone, but could give me no definite infor- 
mation of his whereabouts. 

Dr. Allan communicated with me that the man in question, whose ~ 
photograph I had shown him, had come from Akim, in 6° North lati- 
tude and 1° Kast longitude. Dr. Allan obtained also from the late 
Captain O’Brien a letter, in which that gentleman related that he had 
made an attempt to get the man to Europe, but that having brought 
him to the seaport he repented, and could not be induced to go any 
farther. 

By the kindness of Professor O’Reilly I obtained an extract from 
a letter from his brother, H. F. O’ Reilly, Esq., of Cape Coast Castle, 
in which he says:—‘‘I examined the Kebby man six years ago, and 
subscribed £5 towards sending him home for examination. The his- 
tory of that case is this. About six years ago Captain Hay (Houssas) 
was sent on a mission for the Government to a place called Kebby, I 
think, in the Diabbee country, north-east of Cape Coast. He there 
came across this man, and brought him down with him. Weallagreed 
to send him home with Captain Baker, who was then starting for England. 
Baker took the fellow as far as Akim, where the steamer called; here the 
man cleared out, and was back in Cape Coast at my place in a few days. 
He told me that he could get no food on board, and so had run away. 
There is a bony exostosis on each malar bone over the antrum high- 
morianum. I was anxious to make a cast of the case at the time, 
but had no materials. From reasons of my own, and inquiries among 
well-informed natives, I came to the conclusion that the case was not 
a congenital malformation, but artificially produced, and that is the 
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reason I took so little interest in the matter. In fact I was told by 
some Fantees that it is quite possible to produce this deformity. As 
to there being a tribe of these men, or even a family similarly affected, 
that I very much doubt, as I think I must have heard something of it. 
Mr. Allan had seen this man from Kebby, and I believe he is in Akim 
country. I have seen plenty of tattooing here on the black skin, and 
as the pigment does not show well, they cause the granulations from 
the cut surface to rise from half an inch to an inch above the level of 
the skin. There would be no difficulty in causing a bony growth to 
spring from the antrum or from the malar bone by puncturing and 
applying the stimulants they use in tattoomg. Iam aware that the 
Akim country is thoroughly well known to a number of colonial 
officials, and they have not come across the horned men.” 

In the Verhandlungen of the Berlin Society for Anthropology, 
Ethnology, and Primitive History for 1877, an account of this man was 
noticed; but, from the remarks made by Professor Virchow, the out- 
growth seems to have been confounded with one of the commoner 
pathological conditions of epidermal horn. 

In the course of the last week I received from my friend, Dr. Allan, 
a second letter, dated from Gambia, November 17, 1882, in which he 
says:—‘‘I enclose you a letter written to me by P. Hughes, Esq., 
Assistant Colonial Secretary at Sierra Leone. You will see from it 
that he confirms the certificate given to me by the late Captain 
O’Brien, and read by you to the Royal Irish Academy. 

‘‘ Mr. Hughes further informed me, that while in Eastern Akim he 
saw two men with the horns, and the man described by Captain 
O’Brien. I think the existence of this peculiar family cannot be 
longer doubted. The horn is, I believe, an anatomical one, and not 
due to disease. The task of securing one of these skulls is, I am 
afraid, a hopeless one.”’ 

The letter referred to by Dr. Allan is as follows :— 


‘‘Sterra LEONE, 
‘« November 13th, 1882. 


‘‘Drar Srr,—In answer to your letter upon the subject of the 
horned man, described by Captain O’Brien, I beg to inform you that I 
have seen the man in question, and that Captain O’Brien’s description 
of him is correct. This person was seen by Captain Hay in Akim in 
1875 or 1876, and that officer made arrangements for sending him to 
England. I believe that he went on board the mail steamer, and then 
declined to proceed, and was, of course, allowed to return on shore. 
He was photographed, and copies can be obtained at Elmina, Gold 
Coast. 

‘When visiting Akim, in 1877, I observed two other men possess- 
ing, although in a much less degree, the peculiarities described in the 
certificate furnished to you by Captain O’Brien. 


‘‘T remain yours very truly, 


‘‘ PerctvaL HuaHEs, 
“ Assistant Colontal Secretary.” 
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The information thus gathered by the indefatigable researches of 
Dr. Allan is of very great interest. Exostoses, we know, are not at all 
uncommon in the vicinity of the antrum, and the one figured by Mr. 
Hilton (Guy’s Hosp. Reports, vol. i.) is not unlike one of those shown 
in the photograph. A similar exostosis is described by Samuel Cooper 
in the London Medical Gaxette, vol. iv., p. 369. 

That outgrowths here may be really race characters is not to be 
entirely ridiculed, for the neighbouring malar bone, which here, accord- 
ing to Dr. O’Reilly’s description, participates in the swelling, certainly 
shows certain race peculiarities, such as the bigger Tuberositas malaris 
of the Mongolians, and the Processus marginalis, whose race peculari- 
ties have been pointed out by Werfer (Das Wangenbein des Menschen, 
Tubingen, 1869); while Hilgendorf describes a separation of the 
malar into two parts as common among the Japanese (Mittheilung. der 
deutschen Gesellschaft fiir Natur-und-Volkerkunde, Ostasiens, 1873, p. 1). 
The examination of this region in the fifty African crania of our Uni- 
versity Museum shows that while in one Congo negro there is a little 
fulness in this region, there is no trace of any enlargement in any of 
the others. 

The Akim negroes speak a negro dialect of the Egwee class, and 
are of the same race as the Fantees and Ashantis, of which race I have 
several crania, notices of which I hope to be able to lay before the 
Academy on a future occasion. 

The letter formerly received from Dr. Allan is as follows :-— 


‘¢ MADEIRA, 
‘* February 26th, 1881. 


‘Dear Dr. Macarister,—I send you a few lines relative to our 
conversation of 16th inst. I have learned a few authentic facts en 
voyage about the ‘horned men’ from Captain O’Brien of the Houssa 
Force, West Africa. The statement made here is certified below by 
him. A Captain Hay (now in Tobago, W. I.) had stated that he had 
seen these men at Akim. We had one of the men en route for Eng- 
land, but he refused to proceed eventually. Captain O’Brien saw this 
man at Elmina, and describes him as follows :—‘ He was, as regards 
colour, hair, &c., similar to an ordinary native. The horns occupied 
the malar region, were about two inches in length, their direction 
being, I believe, from his description, upwards, outwards and for- 
wards, non-movable, and covered with skin.’ ”’ 


The certificate of Captain O’Brien was as follows :— 


‘“‘T certify I have seen a man answering to the above description 
exactly, and said to be the same person Captain L. Hay alluded to. 


‘Pau D. O’Brien.”’ 
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XCIV.—On tHE Cranta or Natives or THE Sotomon Istanps. By 
ALEXANDER MacauisteR, M.D., F.R.S., Professor of Anatomy, 
University of Dublin, 


[Read, January 22, 1883. ] 


Tre Solomon or Salamon Islands form a large Archipelago, about 
700 miles long, made up of two lines of islands, whereof seven are 
of large size, and about thirty are smaller, and they form the eastern- 
most portion of the Papuan Zoological Province. These islands are 
chiefly voleanic, margined with coral, well wooded, with a flora rich 
even for a western Pacific land; but they have from early times 
acquired for themselves an evil reputation, both in point of un- 
healthiness and inhospitality on the part of their inhabitants, and 
hence our knowledge of their ethnology is scanty and fragmentary. 

They were discovered in 1668 by Mefidana, and since his time 
have been visited by Dumont D’Urville (Voyage pittoresque autour 
du Monde, 1835, vol. 1. p. 150); by Brenchley (Jottings during the 
Cruise of H. MU. S. Curacoa in 1865: 18738, p. 248); by Redlich, master 
of the schooner ‘‘ Franz”? (Journal Geographical Society, 1874, p. 80) ; 
by Erskine in 1853; by Scherzer of the Austrian Expedition (Vovara- 
reise, 1861. 1. 429); by Webster (Last Cruise of the Wanderer: 
Sydney, 1863). Inhabitants of these islands have been figured and 
described by Dumortier (Atlas Du Voyage au Pole Sud.), and by 
Virchow (Verhand. der Berliner Gesellsch. f. Anthropologie, Ethno- 
logie, &e., 1877, p. 241). They have been also visited by my former 
pupils, Dr. Goode and Dr. Forbes, and two years since by H. M.S. 
‘¢Cormorant,’’ on the occasion of which visit these skulls were obtained 
by Lowry Armstrong, Esq., R.N., by whom they were presented to 
me. 

There was (1873) but one European resident in the Archipelago, 
Mr. Perry, at Makira, San Christoval; but no mission station has 
hitherto taken root. Some years ago a Roman Catholic bishop and 
fifteen priests chartered a schooner and landed on Ysabel, but ere the 
prelate had been a few hours on shore he was murdered, and his com- 
panions compelled to re-embark (Erskine, West Pacific Islands, p. 335). 
My former pupil, Dr. Litton Forbes, who is well acquainted with the 
inhabitants of many of the Western Pacific Islands, thus characterizes 
the Solomon islanders :—‘‘ So innately ferocious and bloodthirsty are 
the natives, that any white man that would live among them must go 
armed, unless, indeed, his object be martyrdom; otherwise, before he 
could possibly learn the languages and dialects of his congregation, he 
would, in mere self-defence, have to send so many souls to Hades, 
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that the subsequent success of years might not suffice to compensate 
the loss.’” Even when brought as labourers to Fiji, Dr. Forbes describes 
their condition as not much improyed. In the work from which I 
have just quoted (Zwo Years in Fiji, p. 64.) he says, ‘‘ All, however”? 
(of the Polynesian labourers), ‘‘of whatever nationality, seem to regard 
the Solomon islanders with especial aversion, and even fear.’ From 
Dr. Forbes’ experience of this transport Polynesian labour, he does 
not seem to regard it as such a potent civilizing influence for the island 
native as the late Anthony Trollope represents it to be in his work on 
Australia and New Zealand (vol. i. p. 183). These Solomon islanders, 
however, in Fiji, even after a short period of residence among others, 
have been known to steal, kill, cook, and eat any unfortunate 
people they might find straying near their huts. This cannibalism 
is habitual. Captain Redlich, of the schooner ‘“ Franz,” saw a num- 
ber of men who had cooked a captive whole, and then sold the body 
in parts, and on expressing his disgust to Mr. Perry, was informed by 
that gentleman that he had seen as many as twenty bodies cooked at 
one time for a single feast. Captain Redlich, however, says they 
seemed to him inoffensive when not excited. They keep the skulls of 
those whom they have eaten suspended in their canoe houses, along with 
other ornaments, such as the bones of fishes and curious wood carvings. 
Mr. Brenchley saw twenty-five such skulls in one place in San Chris- 
toval (at Wanga), all of which showed the effects of clubs or tomahawks. 
They do not seem, like the people of New Ireland, to hang the heads in 
their own huts. Mr. Brown (Journal of the Royal Geographical Society, 
vol. xlvii., 1877, p. 142) saw in one house in the latter island thirty-five 
human jawbones hanging from the rafters blackened with smoke: ‘a 
smoke-dried hand was hanging in the same house, and just outside I 
counted seventy-six notches in a cocoa tree, each notch of which the 
natives told us represented a human body which had been cooked and 
eaten there.”’ These heads hung up in the canoe sheds have been for the 
most part robbed of their teeth, of which they make necklaces, such 
as the one I exhibit. These necklaces are not easily got. Commodore 
Sir W. Wiseman offered two guns for one and was refused. The late 
lamented Bishop Pattison, however, brought home three; and Dr. 
Goode obtained the specimen which is on the table from the island of 
Ulakua. 

Scherzer says of these islanders that they were the most intrac- 
table and savage of all the tribes that he visited in the entire Novara 
voyage ; and Brenchley describes them as being intensely excitable— 
stirred up to madness in a minute. It was here that Mr. Boyd, the 
owner of the ‘‘ Wanderer,’”’ perished in 1862. 

In appearance there is a great variety among the natives. Those 
of the inland parts of San Christoval, who live in the forest and on 
the slopes of the hills (which here rise to a height of 4000 feet), are 
called by the coast-dwelling natives Bushmen, and with these the 
fishermen, as they name the littoral tribes, are constantly at war. 
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The heads, consequently, which are found in the canoe houses are 
generally those of the Bushmen. 

The people of San Christoval are said by Brenchley to be wretched, 
poor emaciated creatures, many of them covered with scaly eruptions, 
as though their skin was peeling off. This pityriasis is not rare among 
the Melanesians. Those of the inland districts are puny, but healthier 
looking. One native of Morrissi, examined by Virchow (Joc. c7t.), was 
a healthy, well-grown male of twenty; in height 5 ft. 2 in.; hypsi- 
brachycephalic, with a flat nose; strong, but not very prognathous 
jaws; skin of a dark blackish-brown colour; and beard black, thick, 
curly, short. Webster (doc. cit.) says they are nearly black, with 
woolly hair, and the countenance characteristic of the Papuan Negro. 
The males have the western Polynesian habit of stiffening their hair 
into mops, though not as largely as the Papuans, with yellowish clay 
and lime, which cosmetic they call chinam (cf. Strauch, Zedtsch. f. 
Ethnologie, vol. 1x., 1877, p. 241). ; 

The different islands have for the most part different dialects; and 
in San Christoval that of the fisher tribes (Bauro), which contain many 
Polynesian words, differs from that of the Bushmen, which is said to 
be more like the Ulana dialect. 

San Christoval is the fifth largest of these islands, and the best 
known. The inhabitants are usually hung with ornaments, and wear 
heavy wooden and shell disks in their ears, sometimes lengthening the 
lobe considerably. This perhaps is correlated with the fact that in the 
second of our skulls the tympanic bone is much thickened. They 
almost all have transversely-placed rods or shells in their noses. They 
sometimes adorn their heads with handsome shell combs; sometimes 
they cut their hair in terraces from ear to ear. Mr. Brenchley saw 
some women who had their hair partially shaved off, or cut close, so 
as to leave a roadway across their heads. Many men are tattooed in 
patterns, produced by a series of short incisions, made with obsidian 
knives. Some of them have very flattened noses, but it does not 
appear that they increase this by art'. They chew betel, and are 
greedy for tobacco. They wear little or no clothing, and are exceed- 
ingly ingenious in their carvings and artistic work, illustrations of 
which are given by Brenchley. In the neighbouring island of Rubiana, 
near New Georgia, they prepare skulls as ornaments, colouring them 
with clay, fastening in artificial teeth of shell and wood, and mother- 
of-pearl eyes. Such crania are not, as far as I know, prepared or 
kept in the other islands of the group. 

The crania available for comparison with my two are—one in the 
Hunterian Collection from Ysabel, and one from an island undeter- 
mined, presented by Sir Erasmus Wilson; as well as two artifically 


1The new-born children of the island of Jap (Wuap), near the Pelews, have 
their noses squashed flat after birth by their parents. ‘They call the operation 
“ Andoweck”’: see Miklucho-Maclay, Zeitschrift fiir Ethnologie, x., p. 105. 
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prepared skulls from Rubiana, presented by Dr. Bennett; three de- 
scribed in the ‘‘ Thesaurus Craniorum ”’ from the Davis Collection from 
Makira, Christoval, brought home by Dr. MacGillivray of H. M.S. 
“Herald.” One in the same collection from Guadalcanar; and one 
from Rubiana; as well as one in the Dublin College of Surgeons’ 
Museum from Guadalcanar, for the measurements of which I am in- 
debted to Mr. Abraham. Of these all but one are males; and the 
measurements I have given in the Table at the end(p. 780). 

Skull No. 1 is that of a fisherman or Bauro, a phenozygous, 
hypsidolichocephalic cranium, microcephalic, platyrhine, micro-seme, 
prognathous, with very large everted alveolar arches; pentagonal in 
norma occipitalis. The sides of the foramen magnum have been 
broken; its hinder margin is, however, left at one spot; but the 
right side is cleanly cut away. The squama occipitis is symmetrically 
compressed immediately above and behind the asterion, and that region 
is tumid, especially on the left side. The mastoid process itself is 
small, but the whole mastoid portion of the temporal is dilated, and the 
paramastoid internal to the digastric groove is as prominent as the 
mastoid itself. The tympanic is very thick, especially below and 
behind; the basilar suture is closed; the occipital condyles unsymme- 
trical; the inion weak, rounded; the spheno-parietal suture is very 
short—4mm. on right, 5mm. on left; it is depressed on both sides, 
and placed very obliquely, rising forwards: the glenoid cavity is 
narrow; the outside of the external pterygoid plate on the left is pro- 
longed into a small processus pterygoideus tertius, which margins the 
pterygo-maxillary fossa. The nasal bones are separate, narrow above, 
widening a little below, perforated by small foramina; the fronto- 
nasal sutures is above the fronto maxillary; the lachrymal has no 
hamulus, and there is a post-lachrymal and pre-ethmoidal constriction 
of the lachrymo-ethmoidal suture. There is a sutura infraorbitalis verti- 
ealis on both sides, to which the malar extends on the right side; anda 
deep canine fossa. There is an infraorbital eminence at the end of the 
malar on the right side ; and the incisive portion of the alveolar arch 
is nearly horizontal. The greatest breadth of the arch at second molar 
tooth is 63mm.; the palatine length is 46mm. 

Skull No. 2 is that of a Bushman, and it contrasts in many 
respects with the former; it is also a male, but is widely ovate in 
norma yerticalis; nearly quadrilateral in norma occipitalis: it has a 
spear-wound above the lambda, and is very narrow in the forehead, 
88mm.; it is mesati-tapeino-cephalic, meso-cephalic, and was probably 
pheenozygous, but has lost both zygomatic arches; it is also micro- 
seme, leptorhine, and prognathous, but without the prominent incisive 
arches of the former. The basilar suture is open, but the last molar 
on each side has been cut. The whole skull is flat-topped, with 
prominent parietal eminences, which are unsymmetrical, the right 
being very much farther back. The occiput also is more prominent 
backwards on the right than on the left side; the spheno-parietal 
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sutures are longer, not depressed—10mm. on left, 12 on right. The 
tympanic ring is thin: there is a posterior condyloid hole on the left; 
only a blind pit on the right, and a larger jugular hole on the right 
than on the left: the right external pterygoid plate is prolonged to 
the foramen ovale; the nasal bones are small, depressed, not dilating 
below. This skull, therefore, belonged to a young male, probably 
about twenty. 

Dr. Abraham has kindly given me the following note concerning 
the skull from Guadalcanar, in the Museum of the College of Sur- 
geons :— 

‘« This specimen was presented to the Museum of the Royal Col- 
lege of Surgeons in Ireland by Staff-Surgeon P. Keelan, R.N. It was 
probably the cranium of a young male, as evidenced by the compara- 
tive thinness of the bones, the slight development of the muscular 
ridges and fossa, and the non-ankylosis of the sutures, especially in 
the case of the spheno-occipital. The teeth which remain in this 
specimen are, moreover, those of a young subject, with perfect 
crowns, and with the last molar on the left side not yet irrupted. 
The premolars, the left canine, and the incisors are wanting; the con- 
dition of the alveoli indicates that their extraction was post mortem. 
The upper canine of the right side presents a very remarkable abnor- 
mality, its growth being vertically upwards instead of downwards. 
The crown of the tooth is situated below the margin of the orbit, 
reaching above the level of the inferior orbital foramen. By pressure 
it has caused the absorption of part of the outer face of the superior 
maxilla, so that in the dry skull it has its outer enamel surface quite 
exposed. In the alveolar margin of the jaw there is no corresponding 
socket ; and there is no evidence of a retained milk canine. The four 
functional teeth, which have been left in the upper jaw, are stained 
with betel nut. No lower jaw came with the specimen, having been, 
no doubt, disjointed and utilized as a bracelet. The basi- and ex-occipi- 
tal portions of the base of the cranium have been knocked out, probably, 
as Dr. Keelan, in his letter accompanying the specimen, remarks, to 
get at the brain for cannibal purposes. From the serious wounds 
which are to be seen on the vault of the skull, and on the left temple, 
it appears that the individual must have required a great deal of 
killing. Dr. Keelan thinks it ‘a case of death in fight from tomahawk 
wounds . . . the victim must have been in flight, closely followed. 
The sliced wound was probably first inflicted; next, the deep one near 
the vertex; the remainder—apparently down-cuts—when the victim 
had fallen to the earth on his right side.’ 

‘‘Tn general configuration this cranium does not differ much from 
the long, rather narrow and high Melanesian type; but in certain 
points there seem to be considerable differences——for instance, in the 
nasal and orbital indices, as seen below. 
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‘The principal measurements are :— 


‘Circumference, . : : . 500 mm. 
Length (ophryon to occipital point), : : 5 Lhe sy 
Breadth? (interparietal), ‘ : : lode 

Cephalic Index = 758, and therefore sub-dolico-cephalic. 
Nasal height, , ; : : : : . 48mm. 
Nasal width, : : : 4 : : sae2 aia 

Nasal Index = 458, and therefore leptorhime. 

Orbital width, . : : 5 , ; 5, Effin, 
Orbital height, . : : : ; ; a OOhuGs 


Orbital Index = 946, and therefore megaseme. 


‘‘In consequence of the absence of the base of the skull, neither the 
Capacity, the Alveolar Index, nor the Height Index, could be accu- ~ 
rately measured. An approximate estimate, however, for the Height 
Index would give 770 as the number. Although no attempt could be 
made to determine the Alveolar Index, it is very evident that the face 
was prognathous.” 


? The inter-temporal breadth is the same. 
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XCV.—Ow tHE MorpHotoey or Jormnts. (Part First.) By Axex. 
Macattster, M.D., F.R.S., Professor of Anatomy, University of 
Dublin. 

[Read, February 26, 1883. ] 


Iy most of the systematic treatises on Human Anatomy the descrip- 
tions of the articulations are usually defective and unsatisfactory. 
The importance of these structures from a surgical point of view 
caused the anatomists of the end of the last and early years of this 
century to devote much care to their investigation, and subsequent 
describers have for the most part been content to follow the accounts 
of Weitbrecht, Bell, the Coopers, Cloquet, and their contemporaries. 

As a consequence of this, the morphological relations of the struc- 
tures entering into the joints have been largely disregarded, and their 
anatomy is described from the strictly utilitarian, and not from the 
scientific, point of view. 

The method followed in the dissections of the joimts hinders our 
recognition of the real nature of these parts. Im general all the 
collateral parts are cut away before the ligaments are considered, and 
hence bands are often described as substantive ligaments which are 
really deeper attachments of superficial parts. 

In the course of a careful series of researches, carried on for the 
purpose of verifying in detail the materials accumulated by me for a 
systematic treatise on Human Anatomy, I have been much impressed 
by the unsatisfactoriness of the state of our knowlcdge of the mor- 
phological anatomy of joints, and I shall, therefore, in this communi- 
cation, and in those that follow it, endeavour to contribute to the 
clearing of some of this obscurity. Much of what I shall have to 
describe is, I doubt not, very well known to those engaged in practical 
anatomical work, but has not hitherto been put on record. 

I have endeavoured to determine the history of the individual 
joints by the twofold method of embryology and ontology, and in this 
Paper I desire to summarize some of the general results of my studies. 

The embryological history of the larger limb-joints in man may be 
summed up thus :—At first, on the appearance of the limb, the axis or 
core thereof consists of undifferentiated mesoblastic cells. In this cen- 
tral mesoblast a process of chondrification commences in the areas 
wherein the several bones are afterwards to be. In this state are the 
limbs of the smallest embryo examined by me, one of 2} cm. long. This 
transformation begins in limited, nearly central spots, and spreads until 
it results in the formation of a discontinuous chain of cartilages in the 
axis of the limb, each cartilage corresponding in place to the bone into 
which it is about to develop. The end of cach of these is attached to 
the contiguous end of its neighbour by a mass of embryonic connective 
tissue which fills up the interspace, and which is similar in structure 
to the primitive unchondrified axis, and to the investing layer, which 
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still remains surrounding the cartilage. This intervening material 
ties the cartilages together, constituting a series of syndesmoses, or 
more correctly (for the intervening substance is not ligament), of 
joints of the type which Professor Hyrtl has called A gonarthrosis. 

The ends of the cartilaginous rods swell, and assume somewhat of 
what is to be their permanent shape, and in doing so they grow 
towards each other, in which process the disks of connective tissue 
intervening between the contiguous ends become thinned in the middle, 
and finally they disappear in the centre, and the cartilages come in 
contact with each other, the fissure between the two, where the central 
disk has disappeared, being the primary cavity of the jomt. The con- 
nective disk still remains peripherally, but in most joints gradually 
vanishes from the region between the articular ends, remaining as a 
continuous girdle of connective tissue around the joint in the form of 
a capsular ligament, This becomes white fibrous tissue, as does the 
most of the layer on the surface of the shaft of the cartilage with 
which this is continuous, and which is now perichondrium. 

The chronology of these changes is not easily settled. In an 
embryo of 3°8 centimeters long the central cavity has begun to appear. 
In one of 5°6 cm. the cavities are formed and the ligaments are 
embryonic fibrillar tissue; in a foetus of the thirteenth week many 
of the permanent conditions are present. 

In such joints as are about to develop inter-articular cartilages, 
the intervening embryonic connective disks, instead of disappearing, 
solidify, and much later chondrify, and clefts form on both surfaces 
between these as substantive elements and the ends of the bones. 
This, we shall see, is the history of the sterno-clavicular joint. In 
joints which have partial disks like the menisci of the knee, these are 
derived from the persistence of the later stage of partial absorption. 

The hip-joint in man is developed earlier than the knee; the 
shoulder and knee develop about the same time; the elbow and ankle 
are usually in the same condition in the same embryo. 

In the joints of adults we find that the ligaments are naturally 
classifiable, according to their origin, into four groups:— 

Ist. Those derived from the primitive capsule whose origin we 
have just traced, and which are consequently continuous with the 
periosteum. These are the true ligaments of all joints. 

2ndly. Those derived from the tendons of muscles which surround 
joints; thus much of the internal lateral ligament of the knee is 
derived from material continuous with the tendon of the adductor 
magnus, and much of the posterior ligament from the semi-mem- 
branosus. 

3rdly. Those derived from fascie. In the primitive development 
of the limb the bundles of muscle are surrounded by embryonic con- 
nective tissue, which, as the muscles become specialized, forms a 
fibrous sheath around each: these combined sheaths uniting, and fas- 
tened together by the circular fibres developed in the deep subcutaneous 
and sub-adipose layers, form the system of limb-fasciee and intermus- 
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cular septa. Where these partitions dip in and come in contact with 
the capsules of joints they adhere thereto, and form a series of acces- 
sory ligaments; thus the pubo-femoral accessory ligament of the hip 
is formed by the pectineal portion of the fascia lata, and the sciatic 
ligaments are genetically connected with the inferior involution of the 
gluteal fascia. 

4thly. Those derived from degenerated muscles. Of these, in man 
we have representatives in the intercostal expansion in front of the 
external intercostal muscle, and in the posterior sacro-coccygeal liga- 
ment; but in lower animals, as in the horse’s foot, we find a striking 
example. 

The articular cavities are primarily limited to the spaces between 
the ends of the bones; but, secondarily, from the formation of burse, 
and from the communication of these with the joints, the cavity 
becomes extended. The shoulder and the subscapular bursa is an 
opposite illustration. 

A special case of such enlargement occurs in the knee-joimt, which 
is peculiar in its development, as I shall have opportunity of showing on 
a future occasion when describing my sections. The femoral condyles 
approach the tibia, each independently, and two independent cavities are 
formed, between which a ridge of the primitive embryonic disk becomes 
transformed into fibrillar tissue, forming the crucial ligaments; while 
the margins of the original inter-articular discs persist as the menisci. 
The capsule originally flows around the joint close to these, and the 
tendons all lie external thereto. In the quadriceps tendon a sesamoid 
cartilage develops (the patella), between which and the front of the 
capsule there forms a large bursal cavity, under which the front wall 
of the proper capsule becomes deficient, its shreds persisting as the 
mucous ligament, and the alar ligaments, and the Haversian pellet of 
fat. In many animals the tendon of the extensor digitorum arising 
from the femur passes down in front of the joint under the quadriceps. 
Tn the frog this is in front of the anterior wall of the capsule; but in 
lizards the wall is deficient behind it, and so it passes free through 
the joint, as it does in so many other animals. 

In the second part of this Paper I purpose entering into detailed 

‘descriptions of the histories of the individual articulations. 
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XCVI.—Revort on THE ENTOMOLOGY OF CERTAIN Districts IN ULSTER. 
By W. F. Dz Y. Kang, M. A. 


[Read, February 26, 1883. ] 


THe problems presented by the distribution of the Entomological 
Fauna of the British Islands are not less interesting than the similar 
ones which have engaged the attention of scientific botanists; but 
owing to the neglect of the former study in Ireland, researches that 
should have proceeded hand in hand, and thrown mutual light on each 
other, have been almost exclusively carried on by students of the latter 
branch of Natural History. 

It is true that no certain conclusion can be drawn from the occur- 
rence in this country of such insects as are capable of swift or long- 
sustained flight, as necessarily indicating a former connexion by land 
with Great Britain or France, such as Geological evidences point to. But 
among the order of Heterocera (or moths) are numbers whose females 
could not have flown across the Channel, some of them being apterous, 
and others of very feeble powers of flight, or with very local or slug- 
gish habits. 

The unaccountable ill success, moreover, which has hitherto attended 
the efforts of many of our best Entomologists to introduce new species - 
perfectly suitable, in every respect, to new habitats where their food- 
plant naturally abounds, deepens the obscurity of the problem. 

Some able Papers comparing the Irish with the Scotch Entomolo- 
gical fauna (striking similarities between some of which were indi- 
cated by Mr. Birchall) have been written by Dr. Buchanan White, of 
Perth ; but they deal with Diurnal Lepidoptera exclusively, which, 
although our prevailing strong winds are from the 8. W., may many 
of them be credited with having crossed the Channel by flight. 

Since, therefore, careful and systematic investigations of our really 
indigenous Lepidoptera may lead to very interesting conclusions, I 
venture to suggest some directions in which Irish Entomologists might 
well labour, so that reliable data may be available for scientific in- 

uiry. 
; ia the first place it is, above all, necessary that the Catalogue of 
Irish Lepidoptera, compiled by the Rev. Joseph Greene, and subse- 
quently largely added to by Mr. Birchall, should be thoroughly re- 
vised, so that no name may appear of any species, the capture and 
locality of which has not been vouched for either by one of these 
gentlemen, or some other competent and relable Entomologist. 

In the second place, it would be most advisable that fresh ground 
should be worked, for hitherto collectors have confined their attention 
almost exclusively to Killarney, the counties of Dublin and Wicklow, 
and parts of Westmeath, Galway, and Mayo. 
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Thus the long reaches of sand-hills or rocky shores around our 
coasts, luxuriant with every sort of maritime plant, and exposed to 
various aspects and climatic conditions, have for the most part yet to 
be explored. Our vast bogs, and numerous lake and river margins, 
though as yet undisturbed by the intrusion, as in the sister island, of 
populous towns and manufacturing settlements, have, strange to say, 
contributed a more meagre list of marsh insects than any one of the 
English fen districts. And although the woodlands of Killarney and 
Powerscourt have yielded surprising results to Mr. Birchall and 
others, yet we may reasonably hope for numerous fresh discoveries in 
like districts elsewhere in Ireland. For although we have no such 
treasury of Natural History as the New Forest in Hampshire, yet we 
should not forget that this country was far more recently than Eng- 
land clothed with dense forests and wild scrub-lands, large tracts of 
which survived as late as the year 1700. 

We may, therefore, reasonably expect to find, wherever traces of 
any such forest lands still exist, the relics of a formerly abundant en- 
tomological fauna. 

The objection usually urged, that the damp climate of this country 
is prejudicial to the multiplication of Lepidoptera, sis only valid as 
regards the sun-loving diurnal Rhopalocera, which swarm even in sub- 
arctic regions, however cold and long the winter, provided only the 
summer is brilliant with sunshine. My report deals with the Macro- 
Lepidoptera observed in two districts where portions of old forest still 
survive; but as these remnants are yearly disappearing, or being re- 
planted by more profitable species of timber, I propose, if the subject 
is thought worthy of the attention of the Academy, to indicate in a 
future Paper some localities of a like nature which still exist in each 
province of Ireland, and which might, if examined, contribute new 
botanie and entomological discoveries. I shall now pass on to give 
an account of the places explored, but cannot help referring to the 
loss I sustained in being deprived by the hand of death of the assist- 
ance of the accomplished young student of Natural History with whom 
I was to have been associated ; namely, the late F. W. Sinclair. I 
had but just sketched out the plan of our proposed operations when a 
fatal illness hurried him to the grave, followed by the hearty regrets 
of all his friends and acquaintances. These furnished an eloquent 
testimony to his worth and promise. He left but scanty entomolo- 
gical memoranda, so that much of his experience is lost. 

It seems regrettable that no Society exists in this University City, 
as elsewhere, which would gather together lovers of Natural History 
such as he, record their researches, and through its members diffuse 
throughout the country an interest in these humanizing studies. 

The districts I examined he in Ulster, which being for the most 
part devoid of woods, and devoted chiefly to tillage, has hitherto 
proved the most unfruitful province to the Entomologist. Although 
my labours were not ill rewarded, as the appended list of 225 species 
will show, yet it was unfortunate that the past season has been 
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throughout the United Kingdom the most barren of entomological re- 
sults that has occurred for many years. 

The preceding winter having been exceptionally mild, while the 
summer of 1880 (which proved exceedingly prolific of Lepidoptera) 
succeeded an intensely cold winter, furnished a problem for Naturalists 
which attracted considerable attention. A careful analysis of reports 
and observations from various parts of Great Britain, coupled with my 
own experience, has led me to the conclusion that the scarcity has 
been most marked in such species as have arborivorous larve, and (in 
certain exposed localities) among those whose food-plant, though low- 
growing, is fragile, and easily destroyed by wind. J, therefore, con- 
clude that the storms of the summer and autumn of 1881 must have 
shaken many tree-feeding larvee from their food, and in certain situa- 
tions destroyed the foliage of many herbaceous plants, especially on 
the sea-coast. The mild winter, no doubt, was a factor in the problem, 
for in such weather slugs, woodlice, and beetles, are more active in 
their ravages upon such pupe as are not protected by a stout cocoon, 
or deeply buried beneath the soil; while on the other hand neither 
ova nor pup have their vitality at all affected by intense frost. 
My researches were commenced in March last at Favour Royal, the 
seat of the Rev. J.J. Moutray. This demesne, situate on the border 
of the county Tyrone, was formerly part of a thick covert of oak, 
birch, ash, alder, and elm, of some four or five miles in length, which 
is marked as a wood in some maps of the 17th century. Its original 
extent can be pretty clearly traced in the designations of the town- 
lands about, some thirty of which commence with the prefix of 
“Derry,” or “ Killy.” Of this stretch of woodland, to which, doubt- 
less, the old Irish air ‘‘ The green woods of Truagh”’ refers, portions con- 
sisting of about 220 acres are still preserved in the demesne of Favour 
Royal and the contiguous woods of Gallagh, Creaghan, and Lismore ; 
while the Deer-park encloses about 180 acres of wild land, sparcely tim- 
bered with oak, birch, and alder. The oak and ash now standing of 
these woods are saplings sprung from stools of trees felled a century 
or more ago, while birch and alder spring up thickly in every clear- 
ing; and holly, hazle, and blackthorn furnish a dense undergrowth 
throughout. 

These thickets, invested with the glamour of a hoar antiquity, are 
supposed still to be the haunt of the ‘‘ Loghrie-man” or ‘ Lepre- 
chaun,’”’? whose wizened face peering out from a mossy stump is said 
sometimes to startle the lonely scollop-cutter as he bends to his task 
in the gloom of the wood; and also of an unseen sprite, whose atten- 
dant foot-fall, stirring the dead leaves in the autumn gloaming, is wont 
to mock his homeward steps. About a mile and a-half away is a wild 
glen called Altadiawol, often referred to by Carleton in his Zravés 
and Stories of the Irish Peasantry. This glen runs up into the spurs 
of the Slieve Beagh hills, and is clothed with thick scrub, while birch, 
oak, ash, and alder, straggle up the slopes, and hang from the precipi- 
tous heights on either hand. 
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To this, though a promising locality, I was unable to devote much 
time; for, owing to the unsettled state of the country, I found my 
nocturnal rambles there were generally superintended by two stalwart 
members of the Royal Irish Constabulary. 

Enthusiasm in so peaceful a pursuit as mine is somewhat chilled 
by such ominous concomitants. 

Thrice in the year I spent a week or a fortnight in that neighbour- 
hood, proceeding from thence to Lough Oughter, where, by the kind 
permission of Lord Farnham, I was lodged in a ‘‘ cottage ornée”’ on 
the promontory of Killykeen (beautiful wood), an appellation it well 
merits. The shores and islands of this lake are still partly clothed 
with remnants of the ancient woods which have given them in many 
cases their names. 

The same descriptions of timber are found here as at Favour Royal, 
while the underwood is a dense thicket of hazle. Not only were the 
shores of Lough Oughter anciently wooded, but the west bank of the 
river Erne, down to its junction with the upper lake of that name, is 
marked in the old maps as having been a forest. 

In this district I was fortunate enough to secure a large variety of 
species in the early season, some in great numbers, and others of much 
rarity. The later season I devoted to the examination of the neigh- - 
bouring demesne of Farnham, which, from its extent and the magni- 
ficence of its timber, promised remarkable results. 

But from the reasons above alluded to, aided by inclement weather, 
I took very few species of any kind there, even Scopelosomia satellitia 
being conspicuous by its absence, and only a single specimen of Agrio- 
pis aprilina occurred, in a demesne full of magnificent oak ! 

From both localities, however, I have hopes of future additional 
results from my visits, as I have furnished apparatus to very intelligent 
persons, who are instructed in their use. 

The manor of ‘‘ Farnane,’’ as it is designated in the Down Survey, 
7.e. ‘the place of alders,” was acquired by an ancestor of the present 
earl some 230 years ago, when the extensive beech woods, now of 
colossal size, were most likely planted, and are said to have been the 
first introduced into Ireland. It is probable that some of the great 
oaks may date beyond that period, and be survivals of ancient woods 
which formerly clothed part of that country. 

These two localities are very similar in their geological and bota- 
nical features, but differ somewhat in elevation, the Favour Royal 
district averaging about 300 ft., while L. Oughter is 160 ft. above 
the sea level at low-water. The former is situated at the tongue of 
the Tyrone coal measures, just at the junction of the Carboniferous 
and Old Sandstone series; while the latter, Farnham, forms part of the 
central Limestone plain of Ireland. Though separated by about twenty- 
five miles of country, very bare of trees, the accordance of their en- 
tomological fauna is remarkable, as a glance at the list will show, and 
this would, doubtless, be more evidenced by further careful research, 
and would seem to indicate a formerly widespread distribution, several 
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of the species not having been hitherto met with nearer than Kil- 
larney or Wicklow. 

The following are some of my most interesting captures, many 
of them having been recorded only once before in Ireland, and the 
first three are quite new to our list. 


(F. R., Favour Royal; F., Farnham) :— 


Hypsipetes ruberata, F. R. 

Emmelesia affinitata, F. R. and F. 
Acentropus niveus (Pyralidee), F. 
Hypsipetes impluviata, F. R. and F. 
Numeria pulveraria, .; 33 
Lobophora hexapterata, ,, Bs 
Lobophora viretata, F. 

Lobophora lobulata, F. R. 

Ptilodontis palpina, F. 

Cymatdéphora duplaris, F. R. and F. 
Cymatophora or, F. 

Xylophasia hepatica, F. 

Taeniocampa gracilis, F. R. 

Biston hirtaria, F. ~ ‘ 
Nola cristulalis, F. R. 

Miana arcuosa, F. R. and F., and several others. 


The specimens taken quite confirm the observation of Mr. Birchall, 
that our Irish Heterocera are frequently characterized by more strik- 
ing pencilling and brighter colouring than those of England. Whether 
this proceeds from insular variation, or heredity, is a question which 
the formation of a good Irish collection might cast some ight upon. 
And it appears to me that a comparison of a good series of our insects, 
which have apterous females, with those of the Continent would afford 
some approximation to a test of variation ; seeing that their introduc- 
tion hither must, with little doubt, have taken place at an enormously 
remote period. 

Among the sun-loving Rhopalocera, southern latitudes or warm 
situations produce brighter colouration, and as we approach sub-arctic 
regions or higher mountain altitudes paler colours and blurred delinea- 
tion characterize the specimens. With the Heterocera, however, the 
contrary, to a certain extent, seems to obtain. Some variations of 
interest occurred at both localities. The variety ‘‘combusta”’ of 
Xylophasia rurea was somewhat abundant; and at Farnham I took 
two specimens of the ab. Gallicus (Lederer) of Hepialus velleda. The 
type of Melanippe montanata, taken in Shetland (var. Hethlandica), 
seems identical with some taken at Farnham. 
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A LIST OF LEPIDOPTERA, 


Taken during the year 1882, at Farnham and its neighbourhood, County 
Cavan; and the District about Favour Royal, County Tyrone. 


ABBREVIATIONS USED :—F., Farnham ; F. R., Favour Royal (where no locality 
is appended, the insect has been taken at both places) : ab., abundant; vy. ab., 
very abundant. 


Drvurnt. 


Pieris brassicae. 

P. rape. 

P. nap. 

Anthocaris cardamines, y. ab. 
Argynnis paphia, ab. 
Vanessa urtice, ab. 

V. atalanta, F. R. 

V. cardui, F. R. 


Satyrus (Pyrarga) egeria, v. ab. 
S. (Pyrarga) megera. 
Epinephile janira. 

E. hyperanthus. 

| Cenonympha pamphilus. 

| Lycena wearus (alexis). 

| L. argiolus, ab., F. R. 


SPHINGID®. 


Cherocampa elpenor. 
Macroglossa stellatarum. 


Hepialus velleda. 
HH. velleda, ab., gallicus (L7r.) 
HI. humuli. 


Hacroglossa bombyliformis, F. R., 
locally ab. 


Nocrvuryt. 


| Nudaria mundana, F. 
| Euchelia jacobe, vy. ab. 
| Chelonia caja, ab. 


Procris (Ino) statices, F.R., locally | Aretia lubricipeda, 


ab. 
” Lygena filipendule. 
Nola cristulalis, F. R. 


Urapteryx sambucata, F. 
E/pione apiciaria. 

Ltumia crategata, ab. 
Metrocampa margaritata. 
Selene illunaria, v. ab. 
Odontopera bidentata, v. ab. 
Crocallis elinguaria, F. R. 
Himera pennaria, ab. 


| A. menthraste. 
| Demas coryli. 
| Pecilocampa popul’, F.R. 


GEOMETRA. 


| Biston hirtaria, F. 

| Boarmia repandata. 

| Tephrosia crepuscularia. 

| T. biundularia. 

| Pseudoterpna cytisaria. 
Geometra papilionaria. 

| Lodis lactearia, not scarce. 

| Acidalia seutulata, ab. 
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A. hisetata, locally ab. 

Cabera pusaria, v. ab. 

C. ecanthemarva, v. ab. 

Strenia clathrata, F. R. 

Numeria pulvelaria. 

Fidonia carbonaria, F. R. 

Ff’, atomaria, F. R. 

Abraxis grossulariata. 

Lomaspilis marginata, F. ab. at 
BOR. 

Hybernia aurantiaria, F. BR. 

Anisopteryx escularia, ab. 

Chimatobia boreata, ab. 

Oporabia dilutata, ab. 

Larentia cesiata, F. R. 

Emmelesia afinitata. 

Lim. albulata, ab. 

Eupithecia abbreviata, F. R. 

E.. satyrata, F. R. 

Lf. subnotata, F. R. 

LE. vulgata. 

Li. tenuiata. 

Li. exiquata, F.R. 

Lobophora hexapterata. 

L,. viretata, F. 

L. lobulata. 
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Thera simulata, F. R. 
Hypsipetes ruberata, F. R. 
LH. elutata, ab. 

Melanthia rubiginata, ab. 
I, subtristata, ab. 

I. montanata, v. ab. 

MM. galiata. 

MM. fluctuata. 

Anticlea badiata, ab. 


| A. derwata, F. R. 


Coremia propugnata, F. R. 
C. ferrugata, ab. 

C. unidentaria. 
Camptogramma bilineata, ab. 


| Phibalapteryx lignata. 


Cidaria psittacata, not scarce. 
C. corylata. 

C. russata, ab. 

C. ammanata, v. ab. 

C. suffumata. 

C. silaceata, F. R., ab. at F. 
C. testata, F. 

C. populata, F. R. 


| Pelurga comitata. 


Eubolia mensuraria. 
Anaitis plagiata. 


DREPANULE. 


Platypteryx lacertula, F.R. 


| Platypteryx falcula, F. R. 


Psevpo Bompyces. 


Dicranura bifida, F. 


| Ptilodontis palpina, F. 


Nocrvuz. 


Thyatira derasa. 

T. batis, F. R., v. ab. at F. 
Cymatophora duplaris. 
Cym. or, F. 
Acronyctia pst. 

A. rumiecis. 

Leucania comma. 

LL. impura, ab. 

L. pallens, ab. 
Nonagria fulva. 
Hydrecia metitans, ab. 
HI. inicacea, ab. . 


| Xylophasia rurea, v. ab. 


Var. combusta, not rare at F. 
X. lithoxylea. 


| X. sublustris, F. R. 
| X. polyodon, ab. 
| X. hepatica, not rare at F. 


Chareas graminis, ab. 
Luperina testacea, ¥. 
Mamestra brassice. 
Apamea basilinea, v. ab. 
A. gemina, ab. 


| A. fibrosa, not scarce. 
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A. oculea, ab. Anchocelis lunosa, ab. 
Miana strigilis, ab. Cerastis vaccinit. 
HM. fasciuncula, F. R. C. spadicea. 
I. arcuosa, F. Scopelosoma satellitia. 
Grammesia trilinea, ab. at F. Xanthia silago, F. R. 
Caradrina blanda, F. X. ferruginea, ab. 
C. cubicularis, v. ab. Dianthaecia cucubali, ¥. ab. 
Agrotis suffusa, F. R. Polia chi. 
A. exclamationis, ab. Miselia oxyacanthe, ab. 
Triphena ganthina, ¥. Agriopis aprilina, ¥. 
T. orbona. Phlogophora meticulosa, ab. 
T. pronuba, ab. Euplexia lucipara. 
Noctua augur, F. R. Aplecta herbida, not scarce. 
LV. plecta, ab. A. nebulosa, bs 
NV. c-nigrum, E.R. | Hadena adusta. 
LV. triangulum, ¥. | A. dentina. 
NV. brunnea, ¥. HT. oleracea, ab. 
QV. festa, F. BR. HT, pisi. 
NV. dahl, ¥. RB. HI. thalassina, ab. 
LV. rubi, ab. Xylocampa lithoriza, F. R. 
LV. bya, F. Calocampa vetusta, F. R. 
LV. xanthographa. Xylina rhizohitha F. 
Teniocampa gothica, v. ab. X. petrificata, F. R. 
T. rubricosa, F. Abrostola triplasia EF. 
T. instabilis, ab. Plusia chrysitis. 
T. stabilis, ab. P. gamma, ab. 
T. gracilis, F. RB. Gonoptera libatriz, v. ab. 
T. munda, F. RB. Amphipyra tragopogonis, F. R. 
Orthosia lota, ab. Euchidia mi, F. RB. 
O. macilenta, v. ab. 
DeELtorps. 
Rivula sericeahs, F. | Herminia cribralis. 
PYRALIDES. 
Aglossa pinguinalis. Botys fuscalis. 
Pyrausta purpuralis. B. terrealis, F. RB. 
P. ostrinalis, F. R. Pionea forficalis, F. 
Herbula cespitalis. P. stramentalis, F. 
Cataclysta lemnalis, FB. Scopula olivalis, F. 
Paraponyx stratiotalis, PF. S. prunalis, F. 
Hydrocampa nymphealis, F. Scoparia ambigualis. 
Acentropus niveus, F. 
CRAMBITES. 
~ Crambus pratellus, F. BR. Crambus tristellus, F. 
C. dumetellus, F. R. C. hortuellus, F. R. 
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TorTRICES. 

Tortrix mimetrana, F. R. Ephippiphora, bimaculana, ¥. R. 
Teras caudana, F. R. LE. trigeminana, F. RB. 
Argyrotoxa conwayana, F. R. Semasia rufillana. F. BR. 
Sericoris urticana. Catoptria ulicetana, F .R. 
Orthotenia antiquana, F. Xanthosetia zoegana, F.R. 
Cnephasia politana, \ 1 R Argyrolepia baumanniana, ¥. R. 

x lepidana, habs Conchylis alternana, F. 


C. museulana, ¥. R. 


PreRoPHoRi. 


Pterophorus ochrodactylus, ¥. 


Pterophorus monodactylus, F. 
Pt. plagiodactylus, F. 
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XCVII.—Svueeestions on THE DEVELOPMENT oF THE Cyctic Law oF 
THE CuemicaL Erements. By Tuomas Baytxy, Assoc. R.C.Sc.I. 


(Plate XXI.) 
[Read, February 26, 1883.] 


In a paper published in the Philosophical Magazine, Jan., 1882, in 
discussing the law, originated by Newlands, and called by him the law 
of octaves, and subsequently developed by Mendelejeff and L. Meyer 
under the name of the periodic law, the author pointed out that ‘the 
increments of atomic weight which, starting from hydrogen, succes- 
sively give the points where the atomic volume is a minimum are 
members of the geometric series (see note, p. 795): 


ORAS OF NGI. Dan X05) a HS ORS 


where a = 10, and 6 = = 


In the same Paper it was shown that the colour properties of the 
elements when associated as bases with colourless acids are periodic, the 
metals in the first and second cycles forming no coloured solutions, and 
in succeeding cycles those metals only forming coloured solutions which 
occupy the region of low atomic volume. In accordance with this fact, 
it was argued that uranium, which is a metal having strongly coloured 
solutions, a high melting point, and great density, must occupy the 
mediate position in a cycle, and the atomic weight, 180, was suggested 
as probable because agreeing with these conditions. Since the Paper 
was written, however, investigation of the density of uranium tetra- 
chloride and tetrabromide by Zimmermann has shown that the atomic 
weight of uranium cannot be léss than 240, and other researches—that 
of Setterberg on caesium and that of Nilson on thorinum in particular 
—have afforded material for the further development of the cyclic law. 

The successive terms of the geometric series 


Cy MO SKAON (OTIC Osta Le On Xe Ops 
10 
where @ = 10 and 6 = Bae 
10, 16:6, 27:5, 45:7, 75:9, 126-0, 
and the atomic weights are 
11, 27°6, 55:1, 100°8, 176:7, 302-7. 


It is therefore probable that the sixth cycle attains to its minimum 
of atomic volume in the neighbourhood of the atomic weight 300. The 
progression of atomic weight in the first two cycles is 16, and in the 
second and third approximately three times sixteen, or 46°4 and 47°5 


—_—— ne ee 


794 Proceedings of the Royal Irish Academy. 


respectively. Assuming that a similar simple ratio holds good in the 
progressions of atomic weight that constitute the cycles higher than 
the fourth, the progression from caesium to the element at the head of 
the sixth cycle is probably six times sixteen, or about 96, which makes 
the atomic weight of this element about 226. We may, therefore, 
anticipate the future discovery of an alkali metal having approximately 
this atomic weight. Such an element would have a density of 2°5 or 
thereabouts, and a corresponding atomic volume of about 90. Its 
melting point would be low, and its chemical affinities intense, and, 
as is the case with caesium, the metal probably would not be reduced 
by ignition of the carbonate to whiteness with charcoal. Granting the 
existence of this element and of a halogen analogous to iodine, the fifth 
cycle is terminated, and thorinum and uranium form part of the sixth. 
This implies the existence of an alkaline earth metal with atomic 
weight about 230, and of an earth metal analogous to Se and Yt to 
precede thorinum. Thus: 


Rb, Cs, Alkali metal. 

Sr, Ba, Alkaline earth metal. 
Yt, — Earth metal. 

Zr, — Moy, 


Thorinum and uranium thus come within the earth region of the sixth 
cycle, and the coloured solutions of uranium are normal phenomena 
falling under the law of atomic volume. 

The platinoid metals of the sixth cycle probably closely resemble 
their atom analogues of the fifth, and also have close lateral affinities 
with each other. Judging by analogy, we may expect to find these 
higher platinoid metals associated in small quantities with their lower 
atom analogues, and to experience considerable difficulty in separating 
them from the latter. Their unsuspected presence in iridium and 
osmium may possibly account for the upward displacement of these 
metals in the fifth cycle. In the same way the presence of a higher 
atom analogue of tellurium (atomic weight about 214) may account for 
the distortion of the fourth cycle by this element. 

Brauner has recently examined the oxides of the metals lanthanum, 
cerium, and didymium, and has assigned to these elements the positions 
in the fifth cycle respectively analogous to the elements yttrium, zir- 
conum, and niobium in the fourth. That this is the true sequence and 
atom analogy of the cerite metals now admits of little doubt, but, at 
the same time, the progression from yttrium to niobium constitutes a 
far larger portion of the fourth cycle than the progression from cerium 
to didymium does of the fifth. The cerite metals all occupy the earth 
position in the fifth cycle, and in their general properties are elements 
of the pure earth type, and, as such, strictly analogous to aluminum ; 
and facts thus justify L. Meyer’s conception that all three are ana- 
logues of the earth elements. They may be said to be cycle analogues 
of aluminium ; and the series analogues of yttrium, zirconium, and 
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niobium respectively, as shown by Brauner, by the study of their oxides 
and other compounds and the sequence of their atomic weights. 

The space between didymium and the platinum group, occupied 
with certainty according to our present knowledge only by tantalum 
and tungsten, is still a terra incognita requiring exploration. Erbium 
may be a member of a second series in the cycle, and tantalum and 
tungsten higher members of the same period. The determination of 
the specific heat of erbium and its associates, or, failing this, of the 
densities of some of their most volatile compounds, would be, at the 
present time, an important increment of chemical knowledge, as throw- 
meee upon the constitution of the fifth and, by analogy, the sixth 
cycles. 

If this second period exists, and fills up the gap between the cerite 
and platinum groups, the fifth and sixth cycles probably contain three 
primary. septenary series, and the comparison of dimensions between 
the various successive cycles is as follows :— 


Terms of the geometric series a,axb,ax8...axb"— 


10, 28, SS, 


Njio 


O00 100 
al) 12 


wlo 


o 
The progression between successive alkali metals— 
16, 16, 3x 16, 3x 16, 6 x 16, (6 x 16). 
The number of primary septenary series in the cycle— 
I, ly Or (GB), (Bp 


The diagram on Plate X Xi. shows the dimensions of the fifth and 
sixth cycles in accordance with the suggestions made in this Paper. 
The curves of the lower series are the curves of atomic volume, and 
the curves of the upper series show the melting points of the elements. 


Nove ADDED In Press.—This rule is only an approximation. Strictly speak- 
ing, the increments of atomic weight which give the positions of lowest atomic 
volume are alternately equal to the lateral dimensions of a pair of equal cycles 
and to the mean lateral dimensions of a pair of adjacent unequal cycles. 
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Fig. 1. Saltteus Wrighttt. Bl, 2. 1a, profile, without legs ; 18, 
genital aperture. 


2) »  acutus. Bl., ¢. 2a, profile, without legs ; 2b, genital 
aperture of $ ; 2c, palpus of ¢. 

3. » actus. Bl., &. 3a, profile, without legs; 3d, palpus. 

4.  ,,  constrictus. Bl., 2. 4a, profile, without legs. 

5. Lyssomanes pallens. Bl., 2. 5a, profile, without legs; 58, 


upper side of forepart of cephalo-thorax, showing 
the relative size and position of the eyes. 


6. Thomisus insularis. Bl., 2. 6a, profile, without legs; 68, 
upper side of forepart of cephalo-thorax, showing 
the relative size and position of the eyes. 


7. Olios validus. Bl., 3. Ta, forepart of upper side of cephalo- 
thorax, showing the relative size and position of 
the eyes; 7b, palpus of ¢ ; 7c, profile of &, 
without legs; 7d, genital aperture of ?. 


PLATE 2. 


ILLusTRATIVE OF A Paper By Mr. Jonn Brackwatt anp Rev. O. P. 
CamprincEe ‘‘ On 4 List oF Sprmpers CAPTURED IN THE SEYCHELLES 
Istanps By Proressor E. Percevan Wricut.” 


Vide Proceedings R. I. Acad., Vol. 3, Ser. 2, p. 1. 


Fig. 8.* Sparassus guttatus. Bl., 2. 8a, profile, without legs ; 88, 
forepart of cephalo-thorax, showing the relative size and 
position of the eyes ; 8c, maxille and labium. 


9. Clubiona nigromaculosa. Bl., 2. 9a, profile, without legs. 


10. Theridion placens. Bl., 6. 10a, palpus ; 104, profile, with- 
out legs. 


11. Argyrodes rostrata. Bl., &. 11a, profile, without legs ; 114, 
palpus. 

12. Epeira cognata. Bl., ¢. 12a, profile, without legs; 126, pal- 
pus; 12c, genital aperture of @ ; 12d, ditto, from below. 

13. Nephila plumipes. C. Koch., &. 18a, palpus. 


14. Tetragnatha minax. Bl., &. 14a, one of the falces; 148, 
forepart of cephalo-thorax, showing the relative size and 
position of the eyes; 14¢, palpus. 


15. Tetragnatha Thorellit. Bl., . 15a, profile, without legs ; 
156, genital aperture. 


* This figure is referred to by mistake, in the description of the Spider, as in PL. 1- 
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Sigerson, George, M.D., M.Ch., F.L.S., Prof. of 
Botany, C.U.I. 3, Clare-street, Dublin. 

*§Smith, Aquilla, M.D., F.K.Q.C.P.I. 121, Lower 
Baggot-street, Dublin. 

**Smith, Charles, Esq. Barrow-in-Furness. 

Smith, John Chaloner, C.E. Engineer’s Office, Dublin, 
Wicklow and Wexford Railway, Bray. 
*Smith, Joseph Huband, M.A. 
Smith, Rev. Richard Travers, (Canon) B.D. The 
Vicarage, Clyde-road, Dublin. 
Smyth, Patrick. James, M.P., Chev, L. H. 
Belgrave-square, East, Rathmines, Co. Dublin. 
Smythe, William Barlow, M.A., D.L. Barbavilla. 
House, Collinstown, Killucan. 
“Smythe, William James, Lieutenant-General, R.A., 
F.R.S. Coole Glebe, Carnmoney, Belfast. 
Stewart, James, M.A. (Cantab.), Professor of Greek 
and Latin, C.U.I. 21, Gardiner’s-place, Dublin. 
§Stokes, Hon. Whitley, LL.D., C.S.1, Member of 
the Supreme Council of India. Legislative Council 
House, Calcutta. 
Stokes, William, M.D., M. Ch. 
North, Dublin. 

*§ Stoney, Bindon B., M.A., C.E., F.B.S., F.R.G.S.1. 
14, Hlgin-road, Dublin. 

SStoney, George Johnstone, M.A., D.Sc., F.R.S., 
3, Palmerston-park, Upper Rathmines. 

*Sullivan, William Kirby, Ph.D., President of Queen’s 
College, Cork. Queen's College, Cork. 

7Sweetman, H. §., Esq. 38, Alexandra-road, St. 

_ John’s Wood, London, N.W. 

“Sweetman, Walter, J.P. 4, Mountjoy-square, North, 
Dublin. 

tSymons, John, Esq. 


15, 


5, Merrion-square, 


72, Queen-street, Hull. 


“Talbot de Malahide, Right Hon. James, Baron, 
DCD seth es eee SHAG. B.GsS,, Ban. G) sure 
FR. Hist. Soc., Pres. Archeol. Inst. The Castle, 
Malahide, Co. Dublin. 


§Tarleton, Francis Alexander, LL.D., F.T.C.D. 24, 
Opper Leeson-street, Dublin. 
§Tichborne, Charles Roger C., Ph.D., F.C.S. 15, 


North Great Georgé s-street, Dublin; Apothecaries’ 
Hall, 40, Mary-street, Dublin. 
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royal Irish Academy. 


Date of Election. 


1864. 


1879. 
1846. 
1871. 


1876. 


1870. 
1880. 


1881. 
1864. 
1881. 
1866. 
1876. 


1880. 
1857. 


1851. 
1874. 
1873. 
1839. 


1837. 
1877. 


1857. 


Mar. 16] Trench, Right Hon. and Most Rev. Richard Chene- 
vix, D.D., Lord Archbishop of Dublin, Primate 
of Ireland. The Palace, Stephen’s-green, North, 
Dublin. 

June 9|*+Tucker, Stephen Isaacson, Esq., Somerset Herald, 
Heralds’ College, London, E.C. 

Feb. 9 *Tuffnell, Thomas Joliffe, F.R.C.S.I., M.R.C.S.E. 
58, Lower Mount-street, Dublin. 

June 12} +Tyrrell, Colonel Frederick, J.P. Gold Coast Colony, 
Acera, care of Forbes & Co,, 25, Cockspur-street, 
London, S.W. 

April 10 |*f Tyrrell, George Gerald, Esq., Clerk of the Crown, 
Co. Armagh. 30, Upper Pembroke-street, Dublin ; 
Banbridge, Co. Down. 


Nov. 30] tVentry, Right Hon. Dayrolles Blakeney, Baron, 
D Burnham- house, Dingle, Co. Kerry. 


Feb. 9] Vesey, Agmondisham B., L.K.Q.C.P.I. Bellevue, 
Magherafelt. 

Feb, 14| * Ward, Francis Davis, J.P., Clonaver, Strandtown, 
Belfast. 

Feb. 8 |*+Warren, James W., M.A. 39, Rutland-square, West, 
Dublin. 


Jan. 10 |*+ Watts, Robert George, M.D., F.R.S.L., 5, Bulstrode- 
street, Cavendish-square, London, W. 

Apr. 9}| Westropp, W. H. Stacpoole, L.R.C.S.1L, F.R.G.S.L., 
&ec. Lisdoonvarna, Co. Clare. 

Nov.13| +White, Rev. Hill Wilson, LL.D., Walson’s Hospital, 

Multifarnham, Co. Westmeath. 

Feb. 9|*f White, John Newsom, Esq. Rocklands, Waterford. 

June 8 |*tWhitehead, James, M.D., F.R.C.S.E., M.R.C. Phys., 

Lon. 87, Mosley-street, Manchester. 

Jan. 15 \*¢ Whittle, Ewing, M.D., M.R.C.S.E, 1, Parliament- 

terrace, Laverpool. 

June 8| Wigham, John R., Esq. 35, Capel-street, Dublin. 

April 14) Wilkinson, Thomas, Esq. Hnniscorthy, Co. Weaford. 

Jan. 14 | *Williams, Richard Palmer, F.R.G.S.I. 38, Dame- 

street., Dublin. 

Jan. 9) *Williams, Thomas, Esq. 38, Dame-street, Dublin. 

April 9| Williamson, Benjamin, M.A,, F.RS., F.T.C.D. 

ls, Dartmouth-road, Dublin. 

Aug. 24 |*§Wright, Edward Perceval, M.A., M.D., F.LS., 

F.R.C.S.L, J.P., Professor of Botany and Keeper 

of the Herbarium, Dublin University. 5, Trinity 

College, Dublin. 
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HONORARY MEMBERS. 


Date of Election. 


1863. June 22| His Royvan Hicuness ALBERT EDWARD, PRINCE OF 
WALES. 


“The PRESIDENT OF THE Royau Soctety, anD Ex-PRESIDENTS of the same, 
are always considered Honorary Members of the Academy.” —By-Laws, ii., 14. 


1869. Mar. 16 ; Hooker, Sir Joseph Dalton, M.D., K.C.B., F.RS., 
Geged Hou. Mem. D.C.L., LL.D., V-P.L.S., F.G.S., Director of the 
originally.) | Royal Gardens, Kew, Ex-PREsIDENT OF THE ROYAL 
Society. Kew, London, W. 
1863. Mar. 16 | Sabine, General Sir Edward, R.A., K.C.B., D.C.L., 
LL.D., V.P. and Ex-Presipent oF THE Roya 
society, Hon, F.R.S!, Edin., F.R.A.S!, ELS: 
&e. 13, Ashley-place, Westminster, London, S. W. 
1832. Nov. 30| Airy, Sir George Biddell, K.C B., D.C.L., LL.D., 


HICSS TE GIhn VAS eee Ex-PRESIDENT OF THE Roya Socrery (1871) 
in Sec. of Science | 0 } 
originally-) V-P. R.ALS., &. Playford, near Ipswich. 


1880. Mar. 16 | Spottiswoode, William, M.A., D.C.L., LL.D., Prest- 
DENT OF THE Royat Society. 41, Grosvenor-place, 
London, S.W. 


SECTION OF SCIENCE. 
[Limited to 830 Members, of whom one-half at least must be foreigners. | 


1873. Mar. 15 | Adams, John Couch, LL.D. (Dub.), F.R.S. and Cop- 
ley Medalist, V-P.R.A.S., F.C.P.S., etc. Direc- 
tor of the Observatory and Lowndesean Professor 
of Astronomy and Geometry in the University of 
Cambridge. Observatory, Cambridge. 

1874, Mar. 16) Berthelot, Professor Marcelin Pierre Eugene. Boule- 
vard Saint-Michel, 57, Paris. 

1875. Mar. 16} Bertrand, Professor Joseph Louis Francois. Paris. 
1869. Mar. 16 | Brown-Séquard, Charles Edouard, M.D., F.R.C.P., 
F.R.S. College de France, Rue Gay Lussac, 


Paris. 

1869. Mar. 16! Bunsen, Professor Robert Wilhelm Eberard. eided- 
berg. 

1869. Mar. 16 | Carus, J. Victor, Professor of Comparative Anatomy. 
Levpzg. 


1873. Mar. 15 | Cayley, Arthur, LL.D. (Dub.), F.R.S., V-P. R.A.S., 
&c., Sadlerian Professor of Mathematics in the 
University of Cambridge. Cambridge. 
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HONORARY MEMBERS—Continued. 
SECTION OF SCIENCE—Continued. 


Date of Election. 


1866. Mar. 16 | Clausius, Prof. Rudolf Julius Emmanuel. Ziiriche 

1875. Mar. 15 | Dana, James Dwight, LL.D., &c., Professor of 
Geology and Mineralogy. Yale College, New Haven, 
Conn., U.S. America. 

1869. Mar. 16 | Daubrée, Prof. Gabriel Auguste. Ecole des Mines, 
Paris. 

1876. Mar. 16 | Decandolle, Alphonse, Professor of Botany. Geneva. 

1841. Mar. 16} Dumas, Professor Jean Baptiste, G.C.LH. Rue St. 
Dominique, 69, Paris. 

1875. Mar. 16 | Gray, Asa, Professor of Botany, Harvard University. 

Cambridge, Massachusetts, U. S. America. 

1876. Mar. 16 | Haeckel, Ernst, Professor of Zoology. Jena. 

1880. Mar. 16 | Heer, Oswald, Prof. of Botany in Univ. Zirich. 

1864, Mar. 16 | Helmholtz, Professor Hermann Ludwig Ferdinand. 

Berlin. 

1873. Mar. 15| Hofmann, August Wilhelm, F.R.S., Professor of 
Chemistry in the University. Berlin. 

1879. Mar. 16} Huggins, William, D.C.L, LL.D. F.RS. Upper 

_ Lulse-hill, London, S.W. 
1874. Mar. 16 SHuxley, Professor Thomas Henry, LL.D., F.R.S. 
London. 

1864. Mar. 16} Hyrtl, Professor Karl Joseph. Vienna. 

1880. Mar. 16 | Loomis, Professor Eas. Yale College, U.S. America. 

1880. Mar. 16} Marsh, Prof. O.C. Yale College, Conn., U.S. America. 

1882. Mar. 16} Newcomb, Simon. United States Naval Observatory, 
Washington. 

1878. Mar. 16} Pasteur, Louis. Paris. 

1882. Mar. 16 Smith, Henry John Stephen, F.R.S., Savilian Pro- 

fessor of Geometry, Oxford. Oxford. 

1873. Mar. 15 | Stokes, George Gabriel, D.C.L., LL.D. (Dub.), Fel- 

low and Secretary of the Royal Society, F.C.P.S., 

F.RS. Ed., &c., Lucasian Professor of Mathematics 

in the University of Cambridge. Lensfield Cottage, 

Cambridge. 

1878. Mar. 16| Thomson, Professor Sir William, LL.D., D.C.L., 

F.R.S. Glasgow. 

1882. Mar. 16 | Virchow, Rudolph. Berlin. 

1867. Mar. 16 | Wiirtz, Professor Adolf Karl. Rue St. Guillaume 

[ 2leeearts: 


(One vacancy.) 
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SECTION OF POLITE LITERATURE & ANTIQUITIES. 
[Limited to 30 Members, of whom one-half at least must be foreigners. | 
° Elected in the Department of Polite Literature. 


Date of Election. 


1869. Mar. 16] Gayangos y Arce, Don Pascual de. London. 
1869. Mar. 16 | Lassen, Professor Christian. Bonn. 

1849. Nov. 80} Lepsius, Professor Karl Richard. Berlin. 
1869. Mar. 16| Mommsen, Professor Theodor. Berlin. 
18635. Mar. 16; Miiller, Professor Max. Oxford. 


Elected in the Department of Antiquities. 


1869. Mar. 16; Benavides, Don Antonio. Madrid. 

1848. Nov. 30| Botta, Paul Emile. Parvs. 

1867. Mar. 16} De Rossi, Commendatore Giovanni Battista. Rome. 
1841. Mar. 16} Halliwell-Phillipps, James Orchard, F.R.S., F.SS. A. 
Lond. and Scotland., &c. Hollingbury Copse, 
Brighton. 

1854. Mar. 16} Maury, Professor Louis Ferdinand Alfred. Paris. 
1866. Mar. 16} Nilsson, Professor Sven. Lund. 

1867. Mar. 16} Visconti, Barone Commendatore P. E. Rome. 
1867. Mar. 16| Worsaae, Prof. Hans Jakob Asmussen. Copenhagen. 


Elected since the union of the two classes of Honorary Members 
in this Section. 


1882. Mar. 16; Ascoli, Professor G. I. Milan. 

1878. Mar. 16} Bradshaw, Henry, M.A., University Librarian, 
Cambridge. 

1882. Mar. 16| Bond, Edward Augustus, LL.D., Principal Librarian 
of the British Museum. London. 

1882. Mar. 16| Brugsch-Pascha, Heinrich. Berlin. 

1878. Mar. 16) Curtius, Professor Georg. Leipzig. 

1875. Mar. 16| Franks, Augustus Wollaston, M.A., F.R.S., F.S.A. 
103, Victoria-street, London, S. W. 

1880. Mar. 16| Fick, Professor F. C. August. Gottingen. 

1878. Mar.16| Kern, Professor H. Leyden. 

1882. Mar. 16| Maine, Sir Henry James Sumner, LL.D., K.C.S.L, 
Master of Trinity Hall, Cambridge. Cambridge. 
1878. Mar. 16} Newton, Charles, C.B., D.C.L., F.S.A. British 
Museum, London. 

1873. Mar. 15 | Nigra, His Excellency Cavaliere Constantino, Italian 
Minister to Russia. St. Petersburg. 

1876. Mar. 16| Stokes, Margaret. Carrig-Breac, Howth, Co. Dublin. 
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Date of Election. 


1876. Mar. 16, 


1873. Mar. 15 | 


1875. Mar. 16 


1876. Mar. 16 | 


| 


Honorary Members. 


Stubbs, Rev. William, D.D., Canon of St. Paul’s, 
London, Professor of Modern History, Oxford. 
Oxford. 

Westwood, John Obadiah, Esq., F.S.A., Hope 
Professor of Zoology, Oxford. Ozford. 

Whitney, Prof. Wiliam Dwight. Yale College, 
Connecticut, U.S., America. 

Windisch, Professor Ernst. Leipzig. 


(One vacancy.) 


SUMMARY. 


oe 


Life Members 
Annual Members 


Honorary Members (58 + 5) ... 


Total, 


Should any errors or omissions be found in this List, which is revised to 
Ist April, 1882, it is requested that notice thereof may be given to the 
Secretary of the Academy. He should also be informed of the death of an _ 
Member. 


As this list will be kept standing in type, it can be readily corrected from time) 
to time. 


R. D. Webb and Son, Printers, 74 Abbey-street, Dublin. 


( clvn_— ) 


Monpay Eventne, Novemser 13, 1876. 


Very Rev. Wu. Renves, D.D., Dean or Armacu, Vice-President, 
in the Chair. 


Rey. Canon Smith, B.D., and M. F. Cox, Esq., signed the Roll, 
and were admitted Members. 

The Earl of Leitrim, Marriott R. Dalway, Esq., M.P., and Rev. 
Hill Wilson White, were elected Members of the Academy. 

The Secretary read a Paper, by Rev. D. H. Haigh, “On Early 
British and Ivish Inscriptions,” Part 1. 

The Secretary read a Paper, by Dr. Doberck, ‘“‘On ¢ Corone, 
y-Ophiuchi, y Coron, € Bodtis, X Ophiuchi, € Libre, } 3121 and 
otlie® Binary Stars.” 

[This Paper will be published as Part 15 of Vol. XXVI. of the 
“« Transactions.’”]». 

Robert S. Ball, LL.D., read a Paper ‘‘ On the Precession and Nu- 
tation of the Earth and Planets.” : 

[This Paper will be published as Part 18 of Vol. XXVI. of the 
‘<Transactions.”” | 

The Secretary read a Paper, by J. Blackwall, F.L.S., and the 
Rey. O. P. Cambridge, M. A., ‘‘On a Collection of the Arachnida of 
the Séychelles, thade by Dr. E. Perceval Wright.” 

[This Paper will appear in the ‘‘ Proceedings,” Second Series, 
Vol. ITf., Science, Part 1.] 

The Secretary read the following letter : 


‘©90, NortH Great GEORGE’S-STREET, 
‘«Dusrin, 10th June, 1876. 


““My pear Dr. Wricut, 

“Seeing in ‘Nature’ of the 1st inst. a woodcut of a ‘ Blown- 
sand Rock,’ observed in the expedition of the ‘Challenger,’ which 
exhibits stratifications and jointings quite similar to those of rock in 
the ordinary quarry, I wish to put on record what I have myself done 
towards the examination of like formations in blown-sand dunes, 
transported clay, and other adventitious masses. 


R. I. ACADEMY MINUTES, SESSION 1876-7. u 


( clviii_) 


‘The accompanying book, from pages 1 to 9 inclusive, consists of 
sketches of rock-structure more or less developed, in the sand-hills of 
Doolin and Liscanor Bays, in the County Clare. These sketches were 
made in 1868, but I had several years previously noticed the same 
appearances at Ballybunion, in Limerick, and I had observed a 
general agreement between these crude formations and the rock- 
structure of the adjoining districts. 

‘No. 10 is the only sketch I have preserved of like appearances 
in transported clay. It is a highly laminated mass, taken from an 
artificial embankment near Ragatz. But all the adjoining alluyium is 
of similar structure, due to its deposit by the Rhine, and this lump 
may have been taken from a mass thrown up from the flat, which 
would neutralize its evidence. Its structure is horizontal. I regret 
that I have lost my drawing of a vertically divided face of clay 
exposed in the mound of an ancient earthen fort at Bull Head, Dingle. | 
TI made many other observations of like structural tendencies in 
hand-transported masses of mud, clay, and quarry débris at Vichy, 
Gastein, and at Buxton; but I lost my notes of these at Truro, two 
years ago. One of the most striking examples I had noted was a 
mass of road-stuff on the highway, south of Werfan, on the way to 
Gastein, which appeared to me to show a remarkable likeness in 
structure to the highly laminated gneiss rock of the district. 

‘Tt is with great diffidence I say anything of glaciers; but 
noticing no agency of pressure to account for the blown sand or 
adventitious clay cleavages, I was early led to question the theory 
which assigns to pressure the rock-like structure noticeable in some 
ice formations. The sketches from Nos. 11 to 21 inclusive were made 
with the analogies which those cleavages suggest before my mind, 
and they may have unconsciously influenced my pencil. But I faney 
Professor Forbes, in his ‘Alps of Savoy,’ had not these considerations to 
mislead him, when he made his drawings of the very distinct rock 
structure displayed in the glaciers of the Brenva (p. 203) and Macug- 

naga (p. 347). 
‘Tf my impressions of the existence of a real analogy between the 
effective causes of those appearances be, to any extent, probable, it may 
appear desirable to the Academy to possess the original sketches made 
with a view to investigations which the publication in ‘ Nature’ will soon 
cause to be taken up by more competent inquirers. I would, therefore, 


(e) @bs<))) 


ask, through you, to solicit the permission of the President for you to 
read this letter, and present the drawings which accompany it to the 
Royal Irish Academy, at its next meeting. 
‘‘T remain, 
“Dear Dr. Wright, 
‘‘ Very faithfully yours, 
‘(SaMUEL FERGUSON. 


“(Kp. Percevat Wricut, M.D., 
“Secretary, Royal Irish Academy.” 


A special vote of thanks was given to Dr. Ferguson for his presen- 


tation. ; 
The Secretary laid on the table Part 6 of Vol. XXVI. of the 


«¢ Transactions,’ being a Report on the Allotropism of Selenium, and 
on the Influence of Light on the Electrical Conductivity of this Ele- 
ment, by Harry N. Draper, and Richard J. Moss. 

Donations to the Library were announced, and thanks voted to the 


Donors. 


Tuurspay Evrnine, November 30, 1876. 
(St. Andrew’s Day.—Stated Meeting.) 


Very Rev. Wa. Reeves, D.D., Dean of Armagh, Vice-President, 
in the Chair. 


The Rev. Canon Burke signed the Roll, and was admitted a 


_ Member. 


The Right Hon. Lord Talbot de Malahide, F.R.S., was elected a 
Member of Council in the Department of Polite Literature and Anti- 
quities, to supply the place of the Rev. M. H. Close, M.A., resigned. 

A Paper, by the Rey. D. H. Haigh, ‘‘On Early British and Irish 
Inscriptions,”’ Part 2, was read. 

By permission of the Academy, Mr. F. Ogilby Ross read a Paper, 
«On the Myology of the Cheetah (Felis jubata).” 

[This Paper will appear in the “ Proceedings,”’ Second Series, 


Vol. III., Science, Part 1. | 
u 2 


( aclxw)) 


Monpay Evenine, Decemper 11, 1876. 
SamveL Ferevson, LL. D., Vice-President, in the Chair. 


The Secretary of Council read a description, by Miss M. Stokes, 
Honorary Member of the Academy, of a Series of Photographs of 
Karly Irish Architecture. 

It was resolyed—“ That the thanks of the Academy be given to 
Miss Stokes for the opportunity she has afforded it of examining the 
splendid series of Photographs of Early Irish Architecture now exhi- 
bited; and for her kindness in accompanying this exhibition with so 
valuable a description.” 

Donations to the Library and Museum were announced, and thanks. 
voted to the Donors. . 


ae 


Monpay Eventne, January 22, 187 


Very Rey. Wu. Reeves, D.D., Dean of Armagh, Vice-President, 
in the Chair. 


It was resolyed—‘‘ That a congratulatory address be presented to: 
his Grace the Duke of Marlborough, Lord Lieutenant of Ireland, and 
that the Officers of the Academy be and are requested to prepare the 
same.” 

The Officers, having retired, returned with the following draft of 
an address, which was adopted :—- 


‘¢ May IT PLEASE your GraceE— 


‘‘ We, the President and Members of the Royal Irish Academy, 
beg leave to approach your Grace with our respectful congratulations 
on your arrival amongst us as the Representative of our Most 
Gracious Sovereign. 

‘“The learned body to which we have the honour to belong was 
constituted by Charter in the year 1785, for the purpose of promoting 
the study of Science, Polite Literature, and Antiquities. Since that 
time it has laboured, not without success, in this high vocation, and 
has won an honourable place amongst kindred Societies at home and 
abroad. 


(eelxag) 


“Tt has provided a field and suppled a stimulus for the develop- 
ment and exercise of Irish genius. It has made important contribu- 
tions to knowledge in various branches of scientific inquiry; it has 
- brought together in its Museum and Manuscript Collection abundant 
’ and trustworthy materials for the illustration of our National Antiqui- 
ties, and of the language, literature, and social life of the Hiberno- 
Celtic race. 

‘“Your Grace is, by virtue of your exalted office, Visitor of the 
Academy. We trust you will find reason to look on its labours with 
the same favour with which they were regarded by your distinguished 
predecessors in the government of Ireland; and we are sure we may 
rely on your Grace’s countenance and support in our endeavours to 
guard its interests, maintain its character, and extend its useful- 
ness.” 


It was Resolved—‘‘ That the Officers of the Academy take the 
proper steps to have the same presented to his Grace.” 

Samuel Ferguson, LL.D., V.P., read a Paper ‘‘On some Sculp- 
tures on the Great Cross at Clonmacnoise.”’ 

By permission of the Academy, Chichester Bell, M.D., read a 
Paper ‘‘On a Series of Bases derived from Pyrrol, and some Com- 
pounds allied to them and to Mussic Acid.” 

[This Paper will appear in the ‘‘ Proceedings,’ Second Series, 
Vor rile Part 1. 


By permission of the Academy, Dr. E. L. Moss, R.N., read a Paper 
“On the Glaciation by Sea Ice.” 

[This Paper will appear in the “ Proceedings, 
Nolet Science, Part 1. j 


”” Second Series, 


Professor J. E. Reynolds read the second of a series of Reports 
from the Chemical Laboratory of Trinity College, Dublin. No. 2. 
“On Mr. Early’s Method of Analysing Ferroso-ferric Silicate.” 

[This Report will appear in the ‘‘ Proceedings,” Second Series, 
Vol. III., Science, Part 1. For No. 1, vede ‘‘ Proceedings,’’ Second 
Series, Vol. IL, p. 731.] 


(Siielactit=)) 


The Secretary laid on the table the ‘‘ Proceedings” of the Academy, 
Second Series, Vol. II., Science, Part 7, January, 1877. Thisnumber 
concludes Volume II. 

Donations to the Museum and Library were announced, and thanks, 
voted to the Donors. | 


Monpay Eventne, Frsrvary 12, 1877. 
SamvuEL Frrevson, LL.D., Vice-President, in the Chair. 


The Secretary reported that His Excellency the Lord Lieutenant 
had received the President and Members of the Academy at the Castle, 
on the 22nd of January, and that his Grace had been pleased to return 
the following Answer to the Address of the Academy, which had been 
duly presented to him :— 


‘¢Mr. Prestpent AND Mempers oF THE Royat Irish AcaDEMy— 


‘‘T thank you for the Address you have read to me. Your con- 
gratulations on the high appointment which the Queen has conferred 
on me I greatly value. 

‘“Tt is most gratifying to me, on my arrival in Ireland, to be wel- 
comed by a body so important and cultivated as the Royal Irish Aca- 
demy ; one which, incorporated by Royal Charter nearly a hundred 
years ago, for the purpose of stimulating the study of literature and 
the pursuit of scientific research, still continues in its enlightened 
course, and carries out in such an admirable and successful manner the 
original intentions of its founders. The Museum, with its ancient 
manuscripts, will be a matter of special interest to me, and it will 
afford me much pleasure to be able on some future occasion to inspect 
the valuable collection which it contains. 

‘“‘To be the Visitor of such an Institution as yours, gentlemen, 
ranking high as it does among all kindred Societies, is to me a source 
of pride, and I shall consider it the privilege of my position to assist 
you as far as possible in extending its usefulness, in guarding its inte- 
rests, and in maintaining the great celebrity which it has obtained.” 

It was resolved that the Answer of His Excellency to the Address 
presented by the Academy should be entered on the Minutes. 


( clxiii_) 


The Secretary read a Paper, by C. E. Burton, B.A., entitled, 
‘“ Notes on some Drawings of the Planet Mars.” 

[These will be published as Part 12 of Vol. XXVI. of the 
‘« Transactions.”’ | 

Henry Hennessy, F.R.S., read a Report (Part 1), “On Experi- 
ments to determine the Influence of the Molecular Condition of Fluids 
on their motion when in Rotation, and in contact with Solids.’’ 

[ This Paper will appear in the ‘‘ Proceedings,’ Second Series, Vol. 
IIT., Science, Part 1. ] 

The Secretary, Dr. E. P. Wright, read a Paper ‘On a Parasitic 
Green Alga, forming a new species of Cohn’s genus Chlorochytrium;” 
also a Paper ‘‘ On Chytridia Parasitic on Ectocarpi.” 

[ These Papers will be published as Parts 9 and 10 of Vol. XXVI. 
of the ‘‘ Transactions.” | 

Donations to the Library were announced, and thanks voted to the 
Donors. 


Monpay Evenrne, Fresruary 26, 1877. 
Samurt Frrevson, LL.D., Vice-President, in the Chair. 


The Secretary read a Paper, by Angus Smith, M.D., “On the 
Revival of Manuscripts on Parchment.” 

[This Paper will appear in the ‘ Proceedings,” Second Series, 
Vol. III., Science, Part 1.] 

The Secretary read a Paper, by Robert 8. Ball, LL.D., ‘Ona 
Method of Regulating a Clock intended to show Mean Time.” 

: [This Paper will appear in the “‘ Proceedings,” Second Series, Vol. 

III., Science, Part 1. | 

The Secretary read a Paper, by J. E. L. Dreyer, M.A., as “A 
Supplement to Sir John Herschel’s General Catalogue of Nebule and 
Clusters of Stars.” 

[This Paper will be published as Part 11 of Vol. X XVI. of the 
“Transactions.” | 

Donations to the Library and Museum were announced, and thanks 
voted to the Donors. 

The Academy was then, by special resolution, adjourned to Mon- 
day next, March 5th, 1877. 


(orclxay 3) 
Monpay Evenrne, Manor Dmsiete 
(Special Meeting.) 
Sauvet Frerevuson, LL.D., Vice-President, FE the Chair. 


The Secretary of Council announced that the President of the 
Academy had intimated that he would not present himself for re- 
election at the approaching Stated Meeting. 


The Secretary of Council read the following Report of the Council, 
as to negotiations with the Government, and the letters from the 
Government communicating the conditions proposed as to the transfer 
of the Museum of the Academy to the new “‘Science and Art Mu- 
seum,” and as regards the re-transfer of the Vote for the Academy to 
the charge of the Irish Government, as well as to the future provision 
for the maintenance and augmentation of the collection of Antiquities. 


REPORT OF THE COUNCIL. 


On the last occasion (26th of June, 1876), when the Academy had 
under its consideration a Report from the Council in relation to the 
question pending with the Government as to the transfer of the 
charge of its Vote from the Chief Secretary for Ireland to the Science 
and Art Department, a Petition to the House of Commons on the sub- 
ject was adopted, and the Council were authorized to take the requi- 
site steps for its presentation, if they should find it advisable. Further 
time having elapsed without.any communication having been received 
from the Government, and the close of the Session being at hand, 
your Petition was entrusted for presentation te the Members for the 
City of Dublin, and just before the rising of Parliament was presented 
by Mr. Maurice Brooks, and was one of those selected by the Com- 
mittee on Public Petitions to be printed in their last Report for the 
Sessions (31st Report, Appendix, p. 228). 

The Council were gratified to observe that the attention of the 
House of Lords was called to the subject by Lord O’Hagan, who 
moved for a Return of “‘ copies of all public official correspondence (com- 
mencing 8th of February, 1876) between the Irish Government, the 
Treasury, the Science and Art Department, the Royal Dublin Society, 
and the Royal Irish Academy, on the subject of the proposed Esta- 
blishment of a Science and Art Department in Dublin.” 
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This motion was acceded to on the part of the Government by the 
Duke of Richmond and Gordon, Lord President of the Privy Council. 

About the same time your Council received from their Excellencies 
the Lords Justices of Ireland (in the absence of His Grace the Duke of 
Abercorn) an intimation of their willingness to receive a Deputa- 
tion on the subject of the transfer of the Academy’s Vote. They 
accordingly waited on their Excellencies (the Lord Chancellor and 
the Vice-Chancellor) at Dublin Castle, on the 27th June, 1876, and 
presented the following Memorial, the importance of which seems to 
the Council to justify their now placing it before the Academy :-— 


‘¢ May IT PLEASE YOUR EXCELLENCIES, 


‘‘We, the Council: of the Royal Irish Academy, beg to 
approach your Excellencies in the hope of inducing you to 
exercise the influence of your high office to obtain a reversal 
of the action of certain Departments of the Government, by 
which ,the charge of the Parliamentary Vote for the Academy 
has been transferred from the Irish Government to the 
Science and Art Department, South Kensington. 

‘‘ Tt is probably within the knowledge of your Excel- 
lencies that a communication was, in February last, ad- 
dressed to the Academy by the Right Hon. Viscount Sandon, 
Vice-President of the Committee on Education of Her Ma- 
jesty’s Privy Council, propounding a scheme which involved 
a proposal for the transfer of the Academy’s Collection of 
Antiquities to a Science and Art Museum in Dublin, to be 
provided by the State, under an officer of the Establishment 
known as the Science and Art Department, who would be the 
medium of communication with that Department. 

‘‘The Academy, whilst consenting to the proposed trans- 
fer, attached thereto certain conditions, and, amongst others, 
the following :—That the Academy should not be subject, in 
the conduct of its affairs, or the expenditure of its grants, to 
any control on the part of the Science and Art Department, 
or any of its officers; and should continue to be accountable, 
as at present, through Her Majesty’s Irish Government, for 
all sums voted by Parliament. 

‘To the letter embodying these conditions we have 
never received any reply, further than a formal acknow- 
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ledgment of its receipt, though we have been anxiously 
expecting one during the period of more than three months 
which has since elapsed. But, on the 17th of May, we were 
informed by the letter of the Under Secretary, to which 
we have already referred, that the charge of our Vote had 
been transferred to the Science and Art Department. 

““It may be supposed by some that the Academy, by its 
action in relation to Lord Sandon’s proposal, has set itself in 
opposition to the establishment of a Science and Art Museum 
in Dublin, and is thus impeding the bestowal of a great benefit 
on the people of Ireland. No representation could be more 
unfounded. What was sought from us in his Lordship’s 
letter was the union of our Antiquarian Collections to the pro- 
posed new Museum. To this we distinctly assented, on condi- 
tions such as we thought were required in the interest of the 
country, involving arrangements similar to those which were 
accorded in a like case to the Scottish Society of Antiquaries, 
and under which the National Collection of Antiquities in 
England is managed by the Trustees of the British Museum, 
without interference from the Science and Art Department, 
which has no concern with Archeology. 

‘©The only reasons given for the transfer of the charge of 
our Vote are founded in misapprehension. It is stated that 
such a change was recommended by the Commissioners of 
1868. But this is an erroneous statement, not supported by 
the Report of the Commissioners, and contradicted by some of 
them, who have come forward to repel the assertion. 

‘‘The other reason alleged is, that the change has been in- 
troduced to further a proposed amalgamation of ‘Scientific 
Institutions in Dublin.’ But the Government has not given 
its sanction to any such amalgamation, and it was not proposed 
in Lord Sandon’s letter. The project of such an amalgamation 
has been rejected by the Academy, and the idea of forcing it 
on a reluctant body may be treated as quite out of the 
question. 

The Royal Irish Academy is not an Educational Institution 
like those with which the functions of the Science and Art 
Department properly connect it, but a learned Society, occu- 
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pying in this country a position analogous to that of the Royal 
Society in England, and, in Scotland, of the Royal Society of 
Edinburgh. We feel bound to maintain it on the same level of 
dignity with those bodies, and not to accept for it a subordina- 
tion which, we doubt not, they would repudiate as unbecoming 
their position. Those distinguished Societies have not been 
placed under the financial or other control of the Science and Art 
Department ; and when the step has been taken in relation to 
them, it will be time enough, we submit, to propose it to us. 

“That a control exercised by the Department over the 
Academy in monetary matters would extend to the scientific 
and literary sphere, we have no doubt; and we believe the 
Department to be entirely unfitted to exercise any such 
authority over the proceedings of a body like the Academy. 

‘‘The Irish Government is the natural guardian of the 
rights of the body which is the chief representative of Science 
and learned research in Ireland. It is likely to be better in- 
formed than any other on our position, our deserts, and our 
requirements. Our connexion with it has worked in a per- 
fectly satisfactory manner. That this connexion should be 
terminated, and the charge of our grant transferred to a Body 
in London, appears to us an unnecessary disturbance of re- 
lations which were not complained of. To quote words used by 
the Academy in 1862, when deprecating a similar attempt, 
such an innovation would ‘compromise the honour and in- 
terests of an important National Institution, for an alleged 
official convenience of the most inconsiderable kind.’ 

“We find it difficult to believe that the distinguished 
nobleman who now presides over the Irish Government could 
have consented to the transfer of the charge of the Academy’s 
vote, if His Grace had been aware of the unreality of the 
reasons assigned for the change. And we are confirmed in 
this opinion by the fact that His Grace has lately marked his 
confidence in the Academy by requesting, without any appli- 
cation from us to that effect, that we would undertake the 
editing of certain Irish Annals, the publication of which was 
considered by His Grace important, but has been suspended by 
the untoward action now complained of. 
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‘Tt is not agreeable to this Academy, nor, we make bold to 
add, to this Nation, that the functions of superintendence and 
control of Irish affairs still left in the hands of Her Majesty’s 
Trish Government should be one by one taken from it, and 
transferred to English authorities. And: the question will 
inevitably be raised by the present transaction, whether Her 
Majesty’s Government did not, in 1868, exercise a wise judg- 
ment in deciding ‘to constitute a separate Department of 
Science and Art for Ireland,’ which, as stated by Mr. Ward 
Hunt, then Chancellor of the Exchequer, should be ‘a sister 
to, and not subordinate to, the English establishment.’ 

“Tt is not alleged that there is anything in our present 
state or recent proceedings to supply a motive for interference 
with us. Never has the work of the Academy been carried on 
with greater energy or industry than at present. All its 
Departments are in a state of healthy activity. In addition to 
its former operations, by the aid of the increased grants which 
it has of late enjoyed, it has stimulated and aided original 
scientific research, and is multiplying, for the benefit of 
scholars at home and abroad, copies of the most valuable Celtic 
Manuscripts. It cannot be alleged that there is any misuse or 
want of circumspection in applying the funds placed at its dis- 
posal by the bounty of Parliament. Why, then, should a change 
be made in its position, offensive to its Members, and danger- 
ous to its public usefulness ? 

‘“The Academy depends, for its reputation among the 
learned Societies of the world, and for its beneficial influence 
at home, without which it had better cease to exist, on the 
voluntary researches and unpaid personal services of its Mem- 
bers. Such helps to learning do not flourish except under the 
conditions of conscious independence, and a continuing sense of 
security ; and we are convinced that the change against which 
we protest would, if carried out, be, in a great degree, destruc- 
tive of the higher motives to scientific and literary exertion in 
this part of Her Majesty’s dominions. 


‘« Signed on behalf of the Council, 


“W. Sroxes, President.” 
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Their Excellencies received the Deputation very graciously, and 
conveyed to those present the impression that the views submitted 
were looked upon favourably by their Excellencies. 

About this stage of the negotiations a sum of £500, portion of 
the £2000 voted to the Academy by Parliament (in addition to £500 
already received through the usual channel) was placed, unasked for, 
to the credit of the Academy by the Paymaster-General, and sub- 
sequently we received an intimation that it had been issued by the 
Science and Art Department. 

No reply to our communications, however, was received for some 
months, and the Council became apprehensive that it would be neces- 
sary for them, in order to meet the urgent requirements of the 
Academy, to have recourse to its funded capital, under the authority 
receivedfrom the Academy, authorizing them, if necessary, to sell a por- 
tion of its invested property. Before, however, taking so serious a step, 
it was thought advisable to apply to the Bank of Ireland for permission 
to overdraw to the extent of £500. The Council think it right to 
acknowledge the prompt and liberal manner in which this request 
was granted by the Governor’of the Bank. | 

An intimation haying been received from the Chief Secretary, that 
he desired a conference on the subject at issue between the Goyern-_ 
ment and the Academy, the Secretary of Council had interviews 
with him, which resulted in the adoption by the Council, on the 4th 
of December, 1876, of the following Resolution :— 

‘‘That the Council is prepared to re-open negotiations for the 
transfer of its Museum to the new establishment in Dublin, contem- 
plated by the Government, on the following basis, viz. :—That after 
such transfer, if it should be agreed upon, the part of the Academy’s 
grant given for the care and maintenance of the Museum shall be ac- 
counted for by the Department of Science and Art, the Academy 
retaining the same amount of control over the management of its 
collection as is enjoyed in a similar case by the Scottish Socicty 
of Antiquaries, and due provision being made for its preservation 
in its integrity as a National collection in Dublin, whilst the rest of 
the Academy’s grant shall remain on its present footing, and shall 
continue to be accounted for as heretofore by the Chief Secretary for 
Treland.” 


On the appearance of the Civil Service Estimates for 1877-8, early 
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last month, it was found that the Academy’s Parliamentary Grant no 
longer appeared amongst the Irish votes, but under those to be 
accounted for by the Science and Art Department. 

It was, therefore, all the more gratifying to the Council to receive 
immediately afterwards the Letters which it now hastens to com- 
municate to the Academy. They are, for convenience, arranged in 
chronological order. 


[1.] 


‘« Scrence AnD Art DEPARTMENT, 
‘‘Sourn Kensrneton, 8S. W., 


“8th February, 1877. 


CSE, 
‘‘The Lords of the Committee of Council on Education have given 


their careful consideration to Sir Michael Hicks Beach’s letter, dated 
7th November, 1876, to the Secretary of the Treasury, on the subject 
of the re-transfer of the vote for the Royal Irish Academy to the Irish 
Government, which was forwarded by Mr. Law to this Department 
on the 16th November. 

“‘T am to request that you will inform the Lords Commissioners 
of Her Majesty’s Treasury, that the Lords of the Committee of Council 
on Education are glad to find that the general scope of the proposals 
of the Royal Irish Academy, as they anticipated would be the case, is 
not inconsistent with their views as expressed in my letter of the 8th 
February, 1876. 

“Tt is hardly necessary to remind their Lordships that the scheme 
proposed in that letter was always considered to be open to such modi- 
fications in details as might appear to be desirable, after the Govern- 
ment had had the advantage of hearing the criticisms upon it of those 
gentlemen in Ireland who, from their knowledge and experience, 
have a just influence in such matters, provided always that the modi- 
fications did not interfere with the ultimate success of the great object 
which Her Majesty’s Government had in view, namely, the establish- 
ment in Dublin of a comprehensive National Museum of Science and 
Art, which has been generally desired for many years. 
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‘My Lords are, therefore, prepared to accede to the suggestion of 
the Royal Irish Academy, that the same course should be taken re- 
specting the collection of the Academy as that which was adopted by 
the Treasury with regard to that of the Society of Antiquaries of 
Scotland. Their Lordships might not unreasonably have demurred to 
placing the Royal Irish Academy in a similar position to the Society 
of Antiquaries of Scotland, inasmuch as the collections of the latter 
were all acquired by private funds, whereas a large proportion of 
those of the Royal Irish Academy have been purchased out of funds 
provided by Parliament; but My Lords are willing to waive these con- 
siderations, so as to consult, as far as possible, the wishes of the Royal 
Trish Academy, and they propose to follow closely the precedent of 
the Treasury minute of 1851, respecting the Scotch Society, only in- 
troducing such modifications as are absolutely required by the different 
circumstances of the two cases. 

““My Lords, therefore, desire to call the attention of the Lords 
Commissioners of the Treasury to the appended copy of a minute (in 
which the necessary alterations are shown in red ink) as embodying 
the conditions under which the Lords of the Committee of Council on 
Education are of opinion that the proposals of the Royal Irish Academy 
should be accepted. 

‘On receipt of a resolution of the Academy accepting the con- 
ditions appended, and undertaking to transfer their collections to the 
new Science and Art Museum, as soon as the building is ready to 
receive them, My Lords will be prepared to recommend to the Lords 
Commissioners of Her Majesty’s Treasury that the votes now taken 
for the Royal Irish Academy shall be re-transferred to the Irish Govern- 
ment, it being understood that the votes now taken for Museum pur- 
poses by the Royal Irish Academy shall cease as soon as the Science 
and Art Museum is ready to receive their collections. 


‘““T have, &c., 


“‘(Signed), Sanpon. 
“(Tre SECRETARY 


“¢To rue TREASURY.”’ 


‘¢ ConDITIONS. 


“‘1. The entire collection of antiquities, coins, and medals, be- 
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longing to the Royal Irish Academy, with such additions 
as may be hereafter made to them, and the cabinets, glass 
cases, &c., in which they are contained, to be conveyed to 
the Lords of the Committee of Council on Education, to be 


retained in Ireland on behalf of the public. 


“2. Fit and proper accommodation to be at all times provided in a 
public building for the preservation and exhibition to the 
public of the collection of antiquities, and for the meetings 
of the Royal Irish Academy; but no stipulation can be 
entered into permanently to appropriate particular apart- 
ments in the new Museum building to these objects. 

“<3. The charge and custody of the collection of antiquities to be 
entrusted to the Royal Irish Academy, subject to such 
regulations and special directions as may from time to time 
be prescribed by the Lords of the Committee of Council on 
Education. 

‘4, The funds required to alter and adapt the ipantunelieg in the 
Science and Art Museum for the reception of the collection, 
to furnish the requisite means for the preservation and ex- 
hibition of the Museum, and to pay the salaries of additional 
servants, to be provided by the Lords of the Committee of 
Council on Education, by an estimate to be submitted to 
Parliament. 

“My Lords are of opinion that it would not be conducive to the 
object which all parties have in view, in making this 
arrangement, that express stipulations should be entered in- 
to with the Royal Irish Academy on detailed. points of 
management; but the Members of that Society may rest 
assured that it will be the desire of the Lords of the Com- 
mittee of Council on Education so to exercise the general 
control which they must retain over all collections exhibited 
at the public expense as to leave the Royal Irish Academy 
as unfettered in the charge and management of the Mee 
as circumstances will allow.” 

[The alterations shown in red ink in the original are 
underlined above. | 
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[ 2. ] 
‘¢ TREASURY CHAMBERS, 
“17th February, 1877. 
‘¢ Sir, 

“‘T am directed by the Lords Commissioners of Her Majesty’s 
Treasury to transmit to you herewith copy of a letter of the 8th inst. 
from the Science and Art Department, and of the enclosure therein, 
on the subject of the re-transfer to your Department of the vote for 
the Royal Irish Academy; and I am to state, that if the proposal 
now made meets with the approval of His Grace the Lord Lieutenant, 
My Lords should not feel called upon to make any objection to it. 

CCL Farin, reine, 
‘Your obedient Servant, 
‘Tur Ricur Hon. PONS Jal, fomanrist, 


«cSre M. Hicxs Bracu, Bart., M. P.” 


[ 3. ] 
“‘Dusitin CAstLe, 


‘* 26th Lebruary, 1877. 
“< Srp, 

‘¢ Adverting to former correspondence relative to the transfer of 
the antiquarian collections commonly known as the Museum of the 
Royal Irish Academy, to the National Science and Art Museum, 
which it is proposed to establish in Dublin; and also to the transfer of 
the charge of the vote for the Royal Irish Academy to the Science 
and Art Department, I am directed by the Lord Lieutenant to ac- 
quaint you, for the information of the Royal Irish Academy, that His 
Grace has been in communication with the Lords Commissioners of 
Her Majesty’s Treasury and the Science and Art Department on the 
subject, with the view of devising such modifications in detail of the 
original scheme proposed in Lord Sandon’s communication of the 
9th February, 1876, directed to the President of the Academy, as, 
while not interfering with the establishment in Dublin of a compre- 
hensive National Museum of Science and Art, would at the same time 
mect the objections entertained by the Members of the Royal Irish 
Academy to the original scheme, and also to the transfer of the 
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charge of their vote from the Lord Lieutenant to the Science and Art 
Department. 

‘His Grace desires me to transmit herewith a copy of a letter 
dated 17th instant, received from the Treasury, together with a copy 
of a letter enclosed therein from the Science and Art Department, and 
in which a modified scheme is proposed. 

‘‘ His Grace feels assured that the Academy will receive this pro- 
posal in the same friendly spirit in which it is made, and he confi- 
dently trusts that it will meet with their approval. 

Celamansins 
‘¢- Your obedient Servant, 


«T, H. Burke. 
‘(THE SECRETARY, 


‘¢ Roya Irtso ACADEMY.” 


It is to be observed that whilst the Government has, on the one 
hand, stipulated for certain conditions, which, mutatis mutandis, are 
identical with those to which the Society of Antiquaries of Scotland 
readily assented, on the other hand, in deciding “‘ that the proposals of 
the Academy should be accepted,” Government has conceded the con- 
ditions sought by the Academy, not only as regards the re-transfer of 
its vote to the charge of the Irish Government, but also as to the 
future provision for the maintenance and augmentation of the Museum, 
and its preservation in Dublin as a Museum of our National Antiqui- 
ties, distinct from other collections, and under the care and manage- 
ment of the Academy. 

The Council, being of opinion that the Government has virtually 
agreed to all that was sought for by the Academy, either in its own 
interest or for the benefit of the Irish public, have no hesitation in 


advising the Academy cordially to accept the terms proposed by the ~ 


Government, and they recommend the Academy to authorize the 
Council to take all steps necessary to bring the negotiations te a close. 


The Secretary of the Council moved the adoption of the Report. 
It was moved, as an amendment, by George Sigerson, M.D., and 
seconded by James John Kelly, Esq. :— 
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“‘That it be referred back to Council to report that, as to para- 
graph 3, they do not recommend the Academy to accept that condi- 
tion, unless the words, ‘unless the Academy object to any particular 
rule or regulation,’ be added thereto.” 

The proposer and seconder of the foregoing amendment, by permis- 
sion of the Academy, having withdrawn it, the Report was adopted. 

It was moved by J. Kells Ingram, LL.D., seconded by Sir Robert 
Kane, F.R.S., and Resolved unanimously— 

“That the Academy, accepting the conditions set forth in the 
letter of Lord Sandon (of February 8, 1876), recently transmitted by 
the Irish Government, undertakes to transfer its Museum to the pro- 
posed National Museum of Science and Art in Dublin, as soon as the 
building may be ready to receive it; and desires at the same time to 
express its sense of the considerate manner in which Her Majesty’s 
Government have met the views of the Academy.” 


The Academy then adjourned. 


Fray Evenine, Marcu 16, 1877. 
(Stated Meeting.) 


SamvEL Fercuson, LL.D., Vice-President, in the Chair. 


On the proposition of the Chairman, 
It was Resolyved— 


‘“‘That Bye-law 4 of Chapter LX. be for the present suspended.””— 
Visitors were then admitted. 


The Secretary of the Council read the following letter from the 
President :— 


‘5, Mergron-square, Norra, Dustiy, 
‘* March, 14th 1877. 
““My prar Dr. Incram, 

‘‘J am compelled by the state of my health to ask you to 
announce at the Stated Meeting that it is my desire to retire from the 
office of President of the Academy, which I have always held to have 
been the greatest honour of my public life. 
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‘‘T beg you will convey to all the Members of the Academy my 
feelings of gratitude, and my earnest thanks for the distinction they 
have conferred upon me, and the kindness they have invariably 
shown me while I filled the office. 


‘Faithfully and gratefully yours, 


(Signed) ‘¢ Wittram Sroxss.” 


It was moved by Lord Talbot de Malahide, and seconded by Dr. 
Lyons, and 


Resolved unanimously :— 


“That the Academy receives with much regret the announcement of 
the retirement of Dr. Stokes from the office of President; and that 
the Secretary be requested to convey to him the grateful thanks of the 
Academy for the eminent services rendered by him in its behalf, and for 
his dignified and zealous discharge of his functions as President of 
the Academy.” 


It was proposed by James Apjohn, M. D,, F. R.S., and seconded by 
Alexander G. Richey, LL.D :-— 


“That Sir Robert Kane, F. R.S., &c., be elected President of the 
Academy.” 


It was proposed by Rev. J. H. Jellett, B.D., and seconded by 
Lord Talbot de Malahide, F. R. 8. :— 


‘‘That the Rev. Samuel Haughton, F.R.S., &c., be elected 
President of the Academy.” 


The Ballots for President and Members of Council, and Officers, 
and for an Honorary Member, being opened, the Chairman appointed 
Rev. Dr. Carson and Dr. M‘Sweeny Scrutineers for the election of 
President, Council, and Officers; and Mr. Porte and Mr. G. C. Garnett 
Scrutineers for the election of Honorary Member. 


The Secretary of Council brought up the following Report of the 
Council for the year 1876-77 :— 


tm 
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Report oF tHe Councit FoR THE YEAR 1876-7. 


Stvcz the date of the last Report of the Council, the following Parts 
of the Transactions have been published :— 

In the department of Science :— 

Vol. XXVI.—Part 4. On w Leonis, considered as a Revolving 
Double Star; by W. Doberck, Ph, D. 

Vol. XXVI.—Part 5. Report on the Exploration of Shandon 
Cave; by Professor A. Leith Adams, F.R.S. 


Vol. XXVI.—Part 6. Report on the Allotropism of Selenium, 
and on the Influence of Light on the Electrical Conductivity of this 
Klement; by Harry N. Draper, F.C.8., and R. J. Moss, F.C. S. 

And the following is in the press :— 

Vol. XXVI.—Part 7. Catalogue of, and Observations on, the 
Red Stars ; by John Birmingham. 

In the department of Polite Literature and Antiquities :— 


Vol. XXVII.—Part 1. Onthe Bell of St. Patrick ; by the Very 
Rey. William Reeves, D. D., is in type and will be laid on the table 
at this Meeting. 

Dr. Whitley Stokes’ Edition of the Felire of Oengus is stillin pro- 
gress. The entire triple text and translation have been printed, and 
the Glossary is now being proceeded with. To accelerate the comple- 
tion of the work, the Council have authorized the Editor, at his 
request, to have the Glossary printed at Calcutta, care being taken to 
make it harmonize in style with the rest of the volume. 

Dr. William K. Sullivan’s Edition of the Tain-bo-Cuailnge is also 
still in the printer’s hands. 

Of the Science portion of the New Series of our Proceedings, there 
have been published within the year, Part 6 of Vol. II., m July, 1876, 
and Part 7, in January of the present year (1877.) These Parts con- 
tained all the Science Papers (with three exceptions) laid before the Aca- 
demy in the Session of 1875-6. Part 12 of Vol. I. (Second Series), 
containing papers on Polite Literature and Antiquities, will very 
soon be ready for issue. 

Within the past year, papers by the following authors were read 
before the Academy :-— 

In the department of Science:—by Professor R. 8. Ball; Mr. 


( clxxvii ) 


\ 


G. H. Kinahan; Dr. Doberck; Professor J. Emerson Reynolds; Dy. 
David Moore; Mr. E. T. Hardman; Professor EK. Perceval Wright ; 
Mr. A. G. More; Professor Edmund Davy; Rev. J. H. Jellett; 
Mr. Harry N. Draper and Mr. Moss; Mr. George Porte; Professor 
J. R. Young; Dr. Moss; Mr. John Birmingham; Dr. Samuel Fergu- 
son; Mr. A. M‘Alpine; Professor M‘Nab; Mr. J. Blackwall and 
Rey. O. P. Cambridge; Mr. F. Ogilby Ross; Dr. Chichester Bell ; 
Mr. H. B. Brady; Mr. C. E. Burton; Professor Henry Hennessy; 
Mr. J. E. L. Dreyer, and Dr. Angus Smith. 


In the department of Polite Literature and Antiquities :—by Mr. 
W.F. Wakeman; Dr. Samuel Ferguson; and Rey. D. H. Haigh. 

Miss Stokes, Honorary Member of the Academy, exhibited at one 
of our Meetings a splendid series of photographs, illustrative of Early 
Trish Architecture, and accompanied the exhibition with a communi- 
cation containing a description of the structures thus represented, and 
also a general view of the History of our Architecture down to the 
Anglo-Norman invasion. 

The Librarian has found it necessary to undertake an entire re- 
arrangement of the Library. All books relating to Ireland haye 
been brought together into the recesses of the gallery facing the 
entrance. Books on archeological matters (in the widest sense) are 
being gradually transferred to the Reading-room, in which, when all 
are collected, it is intended to arrange them on a system of classifica- 
tion which will enable readers to discover at once the literature of 
each subject and of its particular branches, so far as it is contained in 
the Library. The foreign reviews and other periodicals have been 
collected from all parts of the Library, and placed in the recesses on 
the north side of the room, where they are arranged according to the 
countries in which they are published. 

In the department of manuscripts, we have to report, with respect 
to the Edition of the Book of Leinster, which we have undertaken 
with the assistance of the Board of Trinity College, that the transcrip- 
tion has been continued as far as page 300, and that 280 pages have 
been already printed off. It is expected that the whole of the work 
will be completed in the summer of 1879. 

Dr. Atkinson, by appointment of the Academy, appeared as its 
Delegate at the International Congress of Orientalists, which met at 
St. Petersburg in September, 1876. 
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Since the date of our last Report, various objects of interest have 
been added to the Academy’s Museum. Amongst these may be 
specially mentioned portions of a beautifully carved Harp, bearing 
inscriptions in Irish, and the date, 1621, known as the ‘‘ Dalway 
Harp ;” aset of silver-mounted ivory Bag-pipes of the middle of the, 
last century ; and an ancient Boat, recently found in the County of 
Galway—the last being a donation from the Rev. Sir William Ross 
Mahon, Bart. 

The valuable collection of Irish antiquities belonging to the late 
Mr. Walsh of Dromore has also been purchased, comprising objects in 
gold, silver, and amber; weapons and other articles of bronze, flint, 
and stone; wooden utensils, earthen cinerary urns, &c. All these 
have been temporarily deposited in wall-cases, on the south side of the 
Reading-room gallery. The arrangement of the Museum in the first 
floor and basement continues to advance with systematic regularity. 
Its condition is now eminently satisfactory. 

The decorative painting of the walls and ceilings of the Long 
Room has just been completed by the Board of Works, and a const- 
derable improvement thus effected in the general appearance of this 
part of the Museum, 

The Hand-book for Visitors to the Museum, intended for popular 
use, which was announced in our last Report as in preparation, has 
since been published, and will, we trust, contribute to a more general 
understanding and appreciation of our antiquarian collections—espe- 
cially by such of the working classes as may avail themselves of the 
evening opening. 

It will be remembered that in April, 1875, the Council offered 
Two Premiums of Fifty Pounds each for the best Reports or Kssays 
on the present state of the Irish Language and Literature in the Pro- 
vinces of Ulster and Leinster. Three Essays were sent in to compete 
for these Premiums. The Council were not of opinion that any of 
these Essays was of a nature to deserve the full award of a Premium. 
But the knowledge and industry displayed by one of the writers, Mr. 
Francis Keane, seemed to entitle him to a substantial mark of consi- 
deration, and they accordingly presented to him a sum of Twenty 
Pounds as an honorary donation. 

The most important part of the work of the Council during the 
past year consisted of the negotiations and other proceedings ren- 
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dered necessary by the unsettled state of the relations between the 
Government and the Academy. A detailed account of these has 
already been laid before the Members, and they are therefore not 
dealt with in the present Report. From the resolution of the Aca- 
demy not to acquiesce in the transfer of the charge of its vote from 
the Irish Government to the Science and Art Department, it resulted 
that a large portion of the Parliamentary Vote did not reach us in 
time to be applied to the objects to which it would, in the ordinary 
course, have been devoted. We were thus obliged to defer proceed- 
ing with the printing of the ‘‘ Annals of Ulster,” though the publica- 
tion of that work had been undertaken by us at the instance of the late 
Lord Lieutenant of Ireland. To the same cause it is due that we were not 
able until near the end of the past year to distribute the fund annually 
placed at our disposal by Parliament for aiding Scientific Research 
by providing suitable instruments and materials. While constrained 
to exercise a cautious reserve with respect to these items of our expendi- 
ture, we endeavoured, as far as possible, to prevent what we regard 
as the most important part of the Academy’s work—namely, the 
printing of Papers read before us—from being seriously obstructed by 
the temporary failure of our supplies. Now that a satisfactory solu- 
tion has been arrived at of the questions so long at issue between the 
Academy and the Government, the Papers read since November last 
will speedily be published, and it may be confidently expected that 
every branch of our operations will proceed with renewed energy and 
efficiency. 

The grants in aid of the preparation of Scientific Reports, recom- 
mended by the Committee of Science, approved by the Council, and 
now submitted for the sanction of the Academy, are as follows :— 

£50 to Rey. Professor Haughton, M. D., for Reports on the Tidal 
Constants of the Irish Coast; being the second instalment of the sum 
of £100 required for the expenses of calculations. 

£10 to Dr. C. Bell for further Experiments on Pyrrol. 

£50 to Dr. R. 8. Ball towards the expenses to be incurred in the 
reduction of the recorded Observations of Jupiter’s Satellites, pre- 
paratory to a-re-discussion of their Theory. 

£25 to Dr. Reynolds and Rev. Professor Haughton, M. D., for 
Experiments on the Dynamical Coefficients of Friction, at low 
velocities, between fluids and solids. 
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£25 to Rev. J. H. Jellett, B. D., for Experiments on the action of 
a Galvanic current on a beam of polarized light. 

£40 to Dr. E. P. Wright, towards defraying the expenses of obtain- 
ing a series of drawings of some of the lower Algee—the drawings to 
be the property of the Academy. 

The Council have addressed to the Commissioners of Church Tem- 
poralities a request that they will, so far as they are empowered by 
the Irish Church Act of 1869, cause all the Ecclesiastical Round 
Towers to be treated as National Monuments; and, further, that they 
will take steps to have the buildings at Clonmacnoise, including the 
Tower, placed in charge of the Board of Works, and revested, so as 
to come within the operation of the Act. We have reason to believe 
that this representation will be attended with satisfactory results. 


Fourteen Ordinary Members have been elected since the 16th of 
March, 1876, viz. :— 


1. Michael F. Coxe, M. D. 

2. Francis E. Clarke, M. D. 

3. Rev. John Grainger, D. D. 

4. Rey. William McIlwaine, D. D. 

5. Walter Meyers. 

6. G. Gerald Tyrrell. 

7. William H. Byrne. 

8. William Gillespie. 

9. James Edward Kelly, M. D. 
10. Rey. Richard Travers Smith, B. D. 
11. Harry N. Draper. 

12. The Earl of Leitrim. 
13. Marriott R. Dalway, M. P. 


14. Rey. Hill Wilson White. 
We have lost by death within the year one Honorary Member— 
The Abbé Jean Benoit Désiré Cochet, elected in 1863 ; 
and nine Ordinary Members, viz. :— 
Rey. J. Bewglas, elected January 8, 1849. 
Edward Bewley, elected December 11, 1843. 


. Adolphus Cooke, elected June 9, 1845. 
Sir John Esmonde, Bart., elected January 10, 1870. 
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. The Ven. F. Goold, elected June 14, 1858. 

. J. H. Pickford, elected December 11, 1843. 

. Colonel Meadows Taylor, elected January 12, 1863. 
. Sir William R. Wilde, elected June 10, 1839. 

9. Robert Wilson, elected June 10, 1849. 


One of these names, that of Sir William Wilde, will always be 
honourably associated with the work of the Royal Irish Academy ; 
and a few words must here be said of the great services he ren- 
dered to Irish Archeology, and the labours which entitled him in 
an eminent degree to our grateful remembrance. From his early 
years a devoted student of the history and antiquities of our 
country, he became in after-life an earnest disciple of the 
school which, discarding the fanciful doctrines and vicious modes 
of inquiry which had so long disfigured and discredited Irish” 
archeological study, proposed to itself to subject researches of this 
kind to the rigorous discipline of scientific method. Placing before 
himself the idea that in our Museum were to be found some of the 
most precious materials for the social paleontology of our country— 
for the study of its primitive races, their ideas, manners and mode of 
life—he applied himself to the classification and cataloguing of its 
contents, with the double view of assisting the systematic inquirer and 
enlightening the general mind of our people on these subjects. Not 
only did he prepare himself for this task by a lengthened and minute 
study of the collection itself, but, while the work was in progress, he 
visited the principal Museums of Northern Europe, in order to ac- 
quaint himself by personal inspection with the analogies and relations 
which eonnect Irish pre-historic remains with those of Scandinavia. 
This indicates an important feature in the spirit which characterized 
his researches, namely, the habitual application, in this field of 
inquiry, of the comparative method which is now universally acknow- 
ledged to be one of the most effective instruments in the study of 
archeology and the early history of mankind. .-He completed the 
Catalogue of the gold, copper and bronze articles in our Museum, and 
of the objects composed of stone, earthen, vegetable, or animal mate- 
rials; and these portions of the work have since been the constant 
companions and guides of all who have wished to derive profit from 

an examination of our antiquarian treasures. 
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In the transfer of our collection to a new place in our premises, 


CVelzxacnt 


rendered necessary by the growing requirements of the Museum, 
the order of his arrangements has been scrupulously preserved ; and, 
by a system of key-reference adopted in the re-deposit, the connexion 
of each article with its description in the Catalogue has been main- 
tained unbroken. 

The labours of Sir William Wilde were not restricted to the field 
of antiquarian study. His ‘‘ Narrative of a Voyage to Madeira,”’ his 
work on Austria, his ‘‘ Popular Superstitions of Ireland,” his ‘‘ Closing 
Years of Dean Swift’s Life,” and his works on Irish Topography— 
so abounding in local and traditional knowledge, and so marked by 
genial appreciation both of the national character and of the beauties 
of the scenes described—all these are literary works of distinguished 
merit; whilst his professional writings, of which his Treatises on 
Aural Surgery may be specially mentioned, and his Reports con- 
tributed to the volumes of the Irish Census, give him an honourable 
place in the domain of Science. 

Of his practical exertions for the benefit of his profession, or the 
good of his fellow-countrymen generally, this is not the fitting occasion 
to speak ; nor of the kindly spirit and attractive social qualities which 
won for him a large circle of admiring friends. 

Various honorary titles and decorations were conferred upon him 
in recognition of his public services. He received a Diploma from 
the University of Upsala, and was elected an Honorary Member 
of the Society of Antiquaries of Berlin. He was also presented 
with a decoration of the Order of the Polar Star, thus becoming 
a Chevalier of the Kingdom of Sweden. He received the honour 
of Knighthood in acknowledgment of his services to Statistical 
Science in connexion with the Irish Census. The Board of 
Trinity College conferred on him the Degree of M. D., honoris 
causd. And this Academy, by presenting to him the Cunningham 
Medal, the highest special mark of distinction in its power to 
bestow, expressed its grateful sense of the service rendered to 
Scientific Archeology in general, and to our body in particular, by 
his Catalogue of the Museum. 

A brief tribute should also here be paid to the memory of Colonel 
Meadows Taylor. Endowed with talents of a high order, and 
gifted with indefatigable industry, he some fifty years since left 
Ireland for Bombay, as a clerk in a mercantile house. On his arrival 
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at his destimation the house had failed, and the young adventurevr’s 
prospects were at an end. He soon, however, obtained a commission 
in the service of His Highness the Nizam, to whom he remained 
devotedly attached throughout his whole career. Exchanging his 
military for a civil appointment, he acquired an extensive knowledge 
of the people and languages of southern India; and as Judge, 
engineer, artist, and man of letters, he studied the laws, antiquities, 
geological features and literature of the country. In 1850 he was 
appointed to administer, during a long minority, the principality 
of the young Rajah of Shorapore, and during the mutiny in India he 
was able to hold his ground without requiring any military aid. His 
merits were highly appreciated by the British Government, and on his 
retirement from service he received from Her Majesty the honour of 
being made a Companion of the Star of India. His thorough know- 
ledge and sympathetic appreciation of the ideas and manners of the 
native races of India were exhibited in several able and successful 
works of fiction, the scene of which was laid in that country. 

Our Transactions and Proceedings contain several valuable contribu- 
tions from his pen, amongst which may be named ‘‘a Catalogue 
of Indian Musical Instruments,” ‘‘ Description of the Contents of a 
Cairn at Hyat Nuggur in the Dekhan;’ and ‘‘a Description of 
Cairns, Cromlechs, Kistvaens, and other Monuments in the Dekhan.” 
In the numerous illustrations, from his original sketches, which 
accompany the last-mentioned memoir, there is evidence of his well- 
known artistic powers. Those who had the pleasure of knowing 
Colonel Taylor will long retaim the impression made on them by the 
combined earnestness and gentleness of his character, and the singular 
charm of his conversation and manners. He was for several years a 
Member of the Council of the Academy. 


The Report was adopted. 


The following Grants, recommended by the Council out of the 
Parliamentary Grant for the preparation of Scientific Reports, were 
adopted :— 

£50 to Rey. Professor Haughton, M. D., for Reports on the Tidal 
Constants of the Irish Coast; being the second instalment of the sum 
of £100 required for the expenses of calculations. 

£10 to Dr. C. Bell for further Experiments on Pyrrol. 
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£50 to Dr. R. 8. Ball towards the expenses to be incurred in the 
reduction of the recorded Observations of Jupiter’s Satellites, prepara- 
tory to a re-discussion of their Theory. 

£25 to Dr. Reynolds and Rey. Professor Haughton, M. D., for 
Experiments on the Dynamical Coefficients of Friction, at low velo- 
cities, between fluids and solids. 

£25 to Rev. J. H. Jellett, B. D., for the Experiments on the Action 
of a Galvanic Current on a Beam of Polarized Light. 

£40 to Dr, E. P. Wright, towards defraying the expenses of obtain- 
ing a series of drawings of some of the lower Algzee—the ran to 
be the property of the Academy. 

The Scrutineers haying duly reported, the Vice-President, in the 
Chair, declared the following duly elected :— 


PRESIDENT. 


Siz Rosrrt Kane, LL.D., F. B.S 


Counci. 
Committee of Scrence. 


E. Perceval Wright, M.D., F.L.8; David Moore, Ph. D., F.L.S; 
John Casey, LL.D., F.R.S; Thomas Hayden, M.D; Rey. J. H. 
Jellett, B. D., S.F.T.C.D; Alexander Carte, M.D., F.L.S; William 
Archer, F.R.S; R.S. Ball, LL.D., F.R.S; J. E. Reynolds, M.D.; 
B. B. Stoney, M.A., C.E; Rev. 8. Haughton, M. D., F.R.S. 


Committee of Polite Literature and Antiquities. 


J. K. Ingram, LL.D; W. J. O’Donnavan, LL.D; A. G. Richey, 
LL.D.; J. R. Garstin, LL.B., F.S8.A.; Very Rev. Dr. Reeves, D.D.; 
Rey. Thaddeus O’Mahony, D.D.; Lord Talbot de Malahide, F.R.S.; 
Robert Atkinson, LL.D.; Thomas Drew, M. A., C.E.; 8. Ferguson, 
LL.D. 


The Scrutineers having reported, the Vice-President declared Senor 
Don Augusto Soromenho duly elected an Honorary Member. 


Sir Robert Kane, the President elect, having taken the Chair— 
The Ballot was then opened for the election of Officers; and the 
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Scrutineers having reported, the President declared the following duly 
elected :— 


TREASURER.—John Ribton Garstin, LL.B. 

SECRETARY oF THE AcapEMy.—E. Perceval Wright, M. D. 
SECRETARY oF THE Councrt.—J. Kells Ingram, LL.D. 

Srecrerary or Forrricn CorresponDENCE.— William Archer, F.R.S§. 
Liprartan.—Robert Atkinson, LL.D. 

Cierk or THE AcapEMy.—Edward Clibborn, Esq. 


The President, under his hand and seal, nominated the following as 
Vice-Presidents for the year 1877-78 :— 


Rev. J. H. Jellett, B.D; Samuel Ferguson, LL.D.; Thomas 
Hayden, M.D; Alexander Richey, LL.D. 


The Academy then adjourned. 


Monpay Eventne, Aprit 9, 1877. 
Sir Rosert Kanz, LL.D., F.R.S., President, in the Chair. 


Rev. George Reade, M. A., F. A. Tarleton, LL.D., F.T.C.D., and 
Benjamin Williamson, A. M., F.T.C.D., were elected Members of 
the Academy. 

Robert 8. Ball. LL.D., Astronomer Royal of Ireland, read a 
letter from Professor Tait, ‘‘On the subject of Lagrange’s Equations 
of Motion in Generalized Co-ordinates.” 

[This paper will appear in the “‘ Proceedings,” Second Series, Vol. 
ITT., Science, Part 1.] 

Robert S. Ball, LL.D., read ‘‘ Observations on Comet I (1877) made 
at Dunsink.” 

[This paper will be published as Part 14 of Vol. XXVI. of the 
‘« Transactions.”’ | 

Denis Crofton, Esq., read a Paper “‘ On the Brick with Babylonian 
Characters in the Museum of Trinity College, Dublin.” 

Professor O’Reilly exhibited a coloured drawing of a Meteorite 
seen by him near Dublin, on the evening of the 6th April, 1877, 
about 9 o’clock. 
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Monpay Eventne, Aprit 28, 1877. 


Str Rosert Kane, LL.D., F. R.S., President, in the Chair. 


Dr. Foley and Dr. Tarleton signed the Roll and were admitted 
Members. 

Robert 8. Ball, LL.D., Astromoner Royal of Ireland, read a paper 
“On the Non-Euclidian Geometry.” 

C. R. C. Tichborne, Ph. D., read a Paper, ‘‘ On the Dissociation of 
the Salts of Iron, and the formation of the Magnetic Oxide.” 

[This Paper will appear in the ‘‘ Proceedings,” Second Series, Vol. 
III., Science, Part 1.] 

Edward Perceval Wright, M.D., read Notes ‘“‘On the Echino- 
derms of the Seychelles.” 

[This Paper will appear in the ‘‘ Proceedings,” Second Series, Vol. 
III., Science, Part 2. ] 


Monpay Eventne, May 14, 1877. 
Sir Roserr Kaye, LL.D., F.R.S., President, in the Chair. — 


Charles Lloyd, M.D., was elected Member of the Academy. 
The Rev. Samuel Haughton, M.D., V.P., read a Paper, by the 
Rev. James Pearson, M.A., ‘‘On the Phenomena of the Tides as 
observed at Fleetwood, Lancashire. 


[This Paper will appear in the ‘‘ Proceedings,” Second Series, 
Vol. III., Science, Part 1.] 


Denis Crofton, Esq., read a Paper ‘‘ On a Slab, with a Cuneiform 
Inscription, in the Library of Trinity College, Dublin.” 

Dr. EK. P. Wright exhibited some drawings, by Mr. L. Aldous, 
of a Sponge found at Mahé which exhibited heteromorphic zooids. 

The Treasurer laid on the Table the estimate of the Income and 
Expenditure of the Academy for the current year. 


Monpay Eventne, May 28, 1877. 


Sir Rozert Kane, LL.D., F.R.S., President, in the Chair. 


Samuel Ferguson, LL.D., V.P., read a Paper ‘‘On Breton and 
Norse Rock Sculptures.” 


as 
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Monpay Eventne, June 11, 1877. 
Siz Rozert Kane, LL.D., F.R.S., President, in the Chair. 


Rey. J. P. Mahaffy, M. A., F.T.C.D., read a Paper ‘‘ On recent ' 
Excavations in Greece.” 

Professor A. Leith Adams read the first part of a Monograph “ On 
Trish Fossil Mammals.” 

[This paper will appear in the “ Proceedings,’’ Second Series, 
Vol. III., Science, Part 1. | 

Read the following letter from E. Perceval Wright, M.D., to the 
President, resigning the office of Secretary to the Academy. 


“Trinity CoLLecre, Dustiy, 
“* May 25, 1877. 
“¢ Dear Mr. PRESIDENT, 
‘‘T have with regret come to the fixed conclusion that it is 
expedient that I should resign the office of Secretary to the Academy. 

“The Editing of the Academy’s Scientific Publications demands 
too great a sacrifice of my time, already too much occupied, and 
prevents me from devoting as much of it as I could wish to original 
research, and this might well serve as my excuse; but I confess that, in 
addition, I am not satisfied with the existing state of affairs in our body, ” 
and I believe that the nominal conduct thereof would, at the present 
crisis, be better in other hands. 

‘My election to the office I now resign I shall always regard as 
the highest reward the Members of the Academy could have given te 
my Scientific work, and for thatreward Ithankthem. I have also to 
thank you Mr. President, for your unvarying courtesy, and to subscribe 
myself, 

“Most faithfully yours, 
‘* EpwarD PErcevaL WRIGHT.” 


«Sim R. Kanz, LL.D., F.R.S. 
President, Royal Irish Academy.” 


It was unanimously Resolyed— 
“That the Academy receives with regret the resignation of 
Dr. Wright, and desires to place on record its sense of the valuable 
services rendered by him during his tenure of office, especially on the 
prompt publication in the Transactions and Proceedings of the Papers 
read before the Academy.” 
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Monpay Evenine, June 25, 1877. 
Sr Rozert Kane, LL.D., F. R.S., President, in the Chair. 


Dr. Robert S. Ball, F. R. S., Astromoner Royal for Ireland, was 
elected Secretary of the Academy, in place of Dr. E. Perceval 
Wright, F.L.S., resigned. ~ 

Mr. W. H. Baily, read a Paper ‘‘On Fossils of the Irish Coal 
District (Report).”’ 

By permission of the Academy, Mr. William Plunkett, F.C.S., 
read a Report by himself and Launcelot Studdert, LL.D., ‘On 
the Solid and Gaseous Constituents of the Spa, at. Mallow, Co. Cork.” 

[This Paper will appear in the ‘‘ Proceedings,” Vol. III., Second 
Series, Part 1, Science. | | 

By permission of the Academy, Mr. C. C. Hutchinson read a Paper 
by himself and Mr. A. H. M‘Alpine, ‘‘ On the Gaseous Constituents of 
the Vartry and Royal Canal waters.” 

[This Paper will appear in the ‘ Peeeaen Vol. III., Second 
Series, Part 1, Science. | 

By permission of the Academy, Professor Galloway read a Paper 
by Messrs. Reginald Laurence, and C. W. Reilly, ‘‘ On the Albuminoid 
Matters, Alcohol and Phosphates, in the Burton Ales and Dublin © 
Porter.” 

By permission of the Academy, Mr. Thomas Bayley read a Paper 
‘On the Volumetric Estimation of Chromium.” 

[This Paper will appear in the ‘ Proceedings,” Vol. III., Second 
Series, Part 1, Science. | 

By permission of the Academy, Mr. Thomas Bayley read a Paper 
“On the Peroxides of Cobalt and Nickel.” 

By permission of the Academy, a Paper by Mr. Henry Hatfield 
was read ‘“‘On a Method for the detection of Cadmium in the presence 
of Copper.” 

The Treasurer laid on the Table the following Abstract of the 
Academy’s Accounts for the year ending 31st of March, 1877, as 
Audited by the Rev. Samuel Haughton, M.D., and William 
Archer, F.R.S., Committee of Audit. 

The Academy then adjourned until November. 


R. I, ACADEMY MINUTES, SESSION 1876-7. y 


GENERAL ABSTRACT OF THE ACCOUNT OF JOHN RIBTO 
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ROYAL IRIS 


FOR THE YEAR ENDIN 


a For Special For G 1 Total of 
RECEIPTS. Purposes. Puneeees cach Class. 
ee s&s Ch 25) 84 Gh, eS. 
Bulance from last Year, | 2 1 61, 4815 7] 4517 1 
From PARLIAMENTARY GRANTS :— | 
Inappropriated :-—* Old Grant,’ . . . . | 500 0 0 
Appropriated :— 
Preparation of Scientific aber 200 0 0 
Library, . s 2 OOOO 
Researches in connexion with Celtic MSS., 200 0 0 
Publication of ditto, . ath Su 200 0 0 
Museum, nee Apa he 200 0 0 
Purchase of Treasure Trove, seamen ee) OPn® 
(Hustration and Pri inting Ofc. ansactions” 
and “‘ Proceedings,” . 200 0 0 
Opening the Academy i in the e evening UWE 3 O 1937 8 0 
» TRINITY COLLEGE GRANT towards re- | 
production of the MS. known as the Book of | 
Leinster (on account of £700) making £420, | 100 0 0 100 0 O 
,» MEMBERS’ PAYMENTS :— | 
Entrance Fees, ieee Rare aaa 8 | 73:10 O 
Annual Subscriptions, . 344 8 0 
Life Membership Composition (invested as | 
opposite), . 909 6 0 508 4 0 
» PUBLICATIONS SOLD :— 
Transactions, 615 6 
Proceedings, : LP leg2: 
a Trish MSS. Series, Sires On eeanO 
Leabhar Breacean emo ie eccineme aoa 18 5 0 
Leabhar na h-Uidhri, be aye 615 0 
Photographs of Museum Objects, ahs 011 O 
Museum Handbook, . 3 Se as 1730 
Museum Catalogue (invested as opposite), : 515 6 40 138 2 
_» INTEREST ON INVESTMENTS :— 
Life Composition—Consol. Stock, 1 3 
Cunningham Bequest—New 3 per cent. 
Stock (see opposite), . Wl (5 Mil. 8} 
Museum Catalogue—Bank of Ireland Stock | 
(see opposite), apie 4 5 5 163 5 4 
», [LEA FUND Subscriptions, UMS 0 715 0 
S723, 2) 8) VOCS MS sien eo mee 


I certify that the above account is correct, according to the best of my 
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From Bune From Hunde nae 
Vy; TT Fe iat i £ 
PAYMENTS. Uiesecee || te Genoa | chon Ckss. 
Purposes. Purposes. 
25 && Gh Gensel Se Sane 
For SCIENTIFIC AND LITERARY PUR- 
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Polite Literature and ay eS RIVES hs 
Scientific Babe : =| 2M OC 
Tibrary,. . a ee es) ec OO OO 6119 0 
Trish Scribe, &e., 200 0 0 0 8 5 s 
‘(including Lithographing 
of Leabhar Breac, and pee Felire 
of Aengus, Part I.}, : 200 0 0 
Museum, .. Ge eee 200 0 0 30 11 3 
Treasure Trove : Pen oee weil 100k On KO 36 0 6 
Transactions and Proceedings, 200.0 0]; 19618 4 | 
Opening the Academy in the evening | 1387 8 0 | 
Cunningham Prizes, ie 20, FOREO 
| 
Book of Leinster, 93 12 | 1849 12 6 
> HSTABLISHMENT CHARGES :— 
Salaries, . 404 0 0 
Wages and Liveries, 208 5 6 
Fuel, . a as: PAL iS 
Insurance, Taxes, ann Law, iD - 
Stationery, : LOO Fy OF: 
Printing (Miscellaneous), 43 13 11 
Postage,. - . 27 8 5 
Freights, Incidentals, and Contingencies, . SOL Wis rain dos lated 
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Life Membershi | s.|d. a. 
(Compositions, . = va 1} Consol. Stock, 2, i 2 90 6 0 
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Museum Catalogue, | 3 2 6| Bk. of Ir.Stock,| 40} 5|10 Op On in | 155.18 2 
A | 
» LEA FUND Expenditure, Gus. OD 12.17 We) 205 tat 
\£1714 138 -2| 1066 1 6) 2780 14 8 
Balance to Credit of the Academy,, 8 9 6 3 18 5 12 Tone 
£1723 2 8| 10691911 | 2793 2 7 
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IRISH MANUSCRIPTS—FAC-SIMILES. 


|e accurate study and critical investigation of the ancient literary and his- 
torie monuments of Ireland have hitherto been impeded by the absence of 
fac-similes of the oldest and most important Irish Manuscripts. 

With a view of supplying this acknowledged want, and of placing beyond risk 
of destruction the contents of Manuscripts, the Academy has undertaken the pub- 
lication of carefully collated lithographic copies of the oldest Irish texts still ex- 
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EABHAR NA H-UIDHRI: a collection of pieces in prose and verse, in the 
4 Irish language, transcribed about A.p. 1100; the oldest volume now known 
entirely in the Irish language, and one of the chief surviving native literary monu- 
ments—not ecclesiastical—of ancient Ireland ; now for the first time published, 
from the original in the Library of the Royal Irish Academy, with account of the 
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LEABHAR BREAC—the ‘Speckled Book”—otherwise styled ‘“‘ The Great 
Book of Dun Doighre”: a collection of pieces in Irish and Latin, transcribed 
towards the close of the fourteenth century; ‘‘the oldest and best Irish MS. re- 
lating to Church History now preserved.” —(G. Petrie.) Now first published, from 
the original MS. in the Academy’s Library. 
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EABHAR NA H-UIDHRI : a collection of pieces in prose and verse, in the 
4 Irish language, transcribed about a.D. 1100; the oldest volume now known 
entirely in the Irish language, and one of the chief surviving native literary monu- 
-ments—not ecclesiastical—of ancient Ireland ; now for the first time published, 
from the original in the Library of the Royal Irish Academy, with account of the 
manuscript, description of its contents, index, and fac-similes in colours. 


In imperial folio, on toned paper—Subscription, £4 4s.; or £2 2s. per Part. Edition 
limited to 200 copies. Parts |. and II. ; or in One Volume, half calf. 
LEABHAR BREAC—the ‘Speckled Book’”—otherwise styled ‘‘ The Great 
Book of Dun Doighre”: a collection of pieces in Irish and Latin, transcribed 
towards the close of the fourteenth century; ‘‘the oldest and best Irish MS. re- 
lating to Church History now preserved.”—(G@. Petrie.) Now first published, from 
the original MS. in the Academy’s Library. 
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PUBLICATIONS OF THE ROYAL IRISH ACADEMY 
(Continued from page iii. of this Cover.) 


In imperial folio, on toned paper, with a Photograph of a page of the original._— | 
Subscription, £6 6s. ; to Members, £5 5s. Edition limited to 200. 


HE BOOK OF LEINSTER, sometime called The Book of ‘‘GLENDALOUGH”’: © 

a collection of pieces in the Irish Language, compiled in part about the mid- ~ 

dle of the twelfth century. From the original MS. in Trinity College, Dublin, with © 
introduction, analysis of contents, and index, by Ropert Atkinson, M.A., LL.D., 
Professor of Sanskrit and Comparative Grammar in the University of Dublin, Secre- — 
tary of Council, Royal Irish Academy. 


This MS. forms the third in the series of the great Irish MSS. published by the 
Royal Irish Academy. 


The Book of Leinster is one of the most important of the fragments of Irish 
literature that have come down to us. In addition to copies of the native prose his- — 
toric accounts of the Tain Bo Cualnge, the Borama, &c., it contains a large fragment — 
of an early prose translation of the Historia de Excidio Troiae of Dares Phrygius ; — 
a great number of the poems and prose introductions of the Dindsenchas or legendary — 
account of the origin of the names of places in Ireland; very many historic poems, — 
in which the legendary and traditional accounts of the early history of the country — 
are preserved; Irish genealogies and hagiologies ; and a great number of interesting — 
stories, illustrative of the manners and customs, the modes of thought, and the 
state of culture, &c., of the people of Ireland just about the period of the Anglo- 
Norman Invasion. 


THE IRISH MANUSCRIPT SERIES. 


Volume I., 8vo.—Part 1, Price ds. 
Volume I., 4to.—Part 1.—Wuuttey Stoxzs, LL.D.: On the Felire of Gingus. 
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CUNNINGHAM MEMOIRS. 
No. I.—Joun Caszy, LL.D., F.R.S.; On Cubic Transformations. 


For List of Publications of the Academy, see also pages ii. and ii. of this Cover. 


Applications for any of the Publications of the Academy are to be addressed to | : 
the TREASURER OF THE Roya InisH AcapEmy, 19, Dawson-street, Dublin; — 
or to Hovers, Fieers, & Co., Dublin; or Wiitiams & Noreats, 14, 
Henrietta-street, Covent Garden, London; and 20, South Frederick- 
street, Edinburgh. 
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PRINTERS TO THE ACADEMY. 


